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The  researches  in  the  great  field  of  inner  medicine  have  so  multiplied 
in  recent  years  that  it  has  become  highly  desirable  that  we  should  have  from 
time  to  time,  in  addition  to  the  summaries  of  progress  contained  in  the  gen- 
eral text-books  on  practice,  monographs  which  picture  more  completely 
the  status  of  our  knowledge  in  the  several  special  divisions  of  the  subject. 
In  diseases  of  the  circulator}'^  system  new  methods  of  study  have  led  to  the 
discovery  of  many  new  facts,  and  a  great  many  workers  have  been  attracted 
during  the  last  twenty  years  to  this  domain  of  cardiovascular  inquiry. 

In  the  medical  clinic  at  the  Johns  Hopkins  Hospital,  Dr.  Hirschfelder 
has  during  the  past  few  years  occupied  himself  especially  with  such  studies. 
The  present  volume  is  an  attempt  to  epitomize  the  actual  condition  of  the 
^subject  at  the  present  time,  as  viewed  from  the  standpoint  of  an  active  in- 
irestigator  of  extensive  first-hand  experience  who  has  also  a  wide  acquaint- 
'ance  with  the  literature  of  the  physiology  and  pathology  of  the  circulatory 
^apparatus. 

H        The  clearness  and  brevity  of  the  presentation  and  the  excellent  arrange- 
^fment  of  the  material  will,  I  am  sure,  appeal  to  students  and  practitioners 
Vof  medicine.    It  is  no  easy  matter  adequately  to  combine  the  most  recent 
results  of  anatomical,  physiological,  pathological,  and  clinical  studies  in  a 
form  which  will  satisfy  the  critical  demands  of  the  scientific  investigator 
and  at  the  same  time  be  a'seful  as  a  guide  to  the  every-day  practitioner. 
Especial  attention  has  been  paid  in  the  volume  to  the  practical  facts  of  diag- 
nosis and  treatment;  in  the  more  theoretical  portions  there  will  be  found 
evidence  of  careful,  critical  sifting,  and  an  appreciation  of  the  distinction 
between  what  is  essential  and  what  non-essential  for  the  more  general  reader. 
The  bibliographic  references   make  no  attempt  at  completeness,  but 

(have  been  chosen  with  the  idea  in  mind  of  permitting  those  who  desire  to  do 
bo  to  consult  the  most  importimt,  and  especially  the  more  recent,  treatises, 
monographs,  and  original  articles  which  deal  with  the  various  matters 
discussed. 
A  notable  feature  of  Dr.  Hirschfelder's  book  is  the  liberality  of  illustra- 
tions; the  majority  of  the  figures  are  made  from  original  drawings  and  tracings 
and  are  in  pleasing  contrast  with  the  time-worn  figures  which  pass  from 
compilation  to  compilation. 

Lewellys  F.  Babker. 
Baltimore,  Mat  12,  1910. 
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The  changes  in  the  subject  which  have  arisen  since  the  appearance  of 

the  second  edition  have  been  in  the  main  changes  of  evolution  rather  than 
revolution.  Graphic  methods  with  phlelx)gram  and  electrocardiogram  have 
become  routine,  and  the  use  of  the  Frank  mirror  and  tambour  as  a  recording 
device  aknost  free  from  fling  has,  in  the  hands  of  Wiggcrs  and  Hewlett,  added 
more  accurate  records  of  both  nen'ous  and  arterial  pulsations.  Hewlett's 
studies  with  the  volume  pulse  have  demoustrat<.'d  the  importance  of  back- 
flow  in  the  peripheral  arteries  and  have  given  a  new  meaning  to  the  normal 
pulse  curve,  as  well  as  to  those  obtained  in  fevers^  after  the  administration 
of  drugs,  and  in  aortic  msufficiency.  The  larger  number  of  cases  which  have 
been  collected  and  reported  have  manifested  additional  evidence  for  the  con- 
tention made  by  the  author  in  1908  and  by  Thomas  Lewis  in  1909  that 
extrasystoles,  auricular  tachycardia  and  auricular  fibrillation  are  closely  re- 
lated phenomena  which  represent  an  ascending  scale  of  increased  irritabiUty 
of  the  heart  muscle.  The  great  war  has  brought  a  terribly  rich  harvest  of 
cardiac  overstrains  among  soldiers,  the  manifestations  of  which  have  stood 
as  a  brilliant  memorial  to  the  completeness  of  the  great  work  done  by  Da 
Costa  during  the  American  Civil  War. 

The  studies  of  Barcroft  and  his  collaborators  and  of  Peabody  have  caat 
much  light  upon  the  CO2  metabolism,  alveolar  air  content  and  the  mechanism 
of  cardiac  dyspnoea,  confirming  and  enlarging  upon  the  work  of  Grey  and  the 
writer  mentioned  in  the  second  edition  of  this  book. 

The  studies  of  Rowntree  and  Le\y  have  introduced  a  new  method  for 
the  accurate  study  of  the  total  volume  of  the  blood  in  cardiac  disease,  which 
promises  to  lead  to  a  more  accurate  understanding  of  the  r61e  of  plethora  and 
the  importance  of  relieving  it. 

A  l>older  method  for  the  use  of  digitalis  in  larger  doses  than  has  been 
used  heretofore  has  been  introduced  by  Eggleston,  and  has  led  in  many  cases 
to  more  rapid  and  certain  relief  from  the  symptoms  of  decomi>ensation.  Real 
light  has  been  thrttwn  into  the  indefinite  border-hne  between  the  normal 
dyspncea  and  true  cardiac  overstrain  in  pregnancy  by  the  studies  of  Litzen- 
berg  upon  liver  function  in  this  disease,  by  means  of  the  urobilin  excretion 
in  the  urine. 

The  isolation  of  the  active  principle  of  the  thyroid  gland  from  both  nor- 
mal thyroids  and  those  of  exophthahnic  goitre  has  furnished  chemical  proof 
that  the  latter  condition  is  a  true  hyperthjToidism,  while  the  pathological 
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and  clinical  studies  of  Wilson  and  Plummer  throw  much  light  upon  the  re- 
lation of  the  pathology  of  the  gland  to  its  clinical  manifestations.  Conve- 
nience of  arrangement  has  dictated  that  the  group  of  paroxjrsmai  tachycardia, 
now  recognized  as  a  transition  form  between  extrasystolic  arrhythmia  and 
auricular  flutter  and  auricular  fibrillation,  be  placed  in  the  chapter  upon  car- 
diac arrh3rthmias,  as  in  Part  I,  instead  of  remaining  as  a  separate  chapter  in 
Part  III,  as  in  the  first  and  second  editions.  A  number  of  new  figures,  new 
sets  of  curves  illustrating  the  action  of  various  drugs  upon  the  cardiac  func- 
tion, have  been  added  and  several  new  sets  of  venous  tracings  and  electrocar- 
diograms from  the  Medical  Service  of  the  University  of  Minnesota  have  been 
furnished  by  Dr.  Ralph  E.  Morris  of  that  department,  to  whom  the  writer 
takes  pleasure  in  expressing  his  sincere  thanks. 

Univeemtt  of  Minnesota,  Minneapolis 
June  15,  1918. 
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Since  the  appearance  of  the  first  edition  numerous  advances  have  been 
made  in  the  subject  of  cardiac  disease  of  such  importance  that,  in  order  to 
embody  them  in  the  text,  several  chapters  have  had  to  be  rewritten  and 
enlarged. 

The  electrocardiograph,  which  has  now  assiuned  a  r61e  of  primary  im- 
portance in  physiology,  pharmacology,  and  clinical  observation,  has  been 
discussed  in  detail  as  to  theory,  construction,  and  application.  The  study  of 
the  mechanism  of  the  normal  and  pathological  heart-beat  by  this  method 
has  thrown  so  much  light  upon  the  site  of  origin  of  the  normal  and  abnormal 
heart-beat,  the  action  of  the  cardiac  nerves,  and  the  paroxysmal  tachycardias 
and  the  permanent  irregularity  that  it  has  become  a  procedure  of  routine 
examination  of  heart  cases  in  many  medical  clinics,  and  in  the  hands  of 
Mackenzie,  Cushny  and  Lewis  has  led  the  way  to  more  exact  methods  for 
the  use  of  digitalis.  Other  drugs  which  have  merited  consideration  have 
come  into  use,  and  the  chapters  and  sections  upon  treatment  have  been  con- 
siderably enlarged.  The  studies  of  Haldane,  Pembrey  and  Yandell  Hender- 
son upon  acapnia,  and  of  Sir  William  Ewart  upon  CO,  mhalations,  have 
given  a  clinical  importance  to  the  investigation  of  CO,  in  the  alveolar  air  of 
the  lungs.  The  recent  investigations  upon  syphilitic  arterial  disease  and  its 
frequency  have  made  possible  a  more  clear-cut  classification  of  arterioscle- 
rotic conditions,  and  in  the  light  of  these  the  section  upon  the  pathology  of 
arteriosclerosis  has  been  rewritten. 

It  is  a  pleasant  duty  to  the  author  to  express  his  grateful  appreciation 
of  the  cordial  reception  which  the  book  has  received  at  the  hands  of  his  medi- 
cal colleagues,  to  many  of  whom  he  owes  his  thanks  for  suggestions  that  have 
been  helpful  in  the  revision.  To  Dr.  George  S.  Bond  he  is  particularly  in- 
debted for  the  preparation  of  the  electrocardiograms  used  throughout  the 
book,  as  well  as  to  Dr.  Milton  C.  Wintemitz  for  many  helpful  suggestions 
and  for  the  preparation  of  a  number  of  photomicrographs. 


2245  Linden  Avenue, 
January  10,  1913. 
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In  the  preparation  of  this  book  it  ha3  been  the  writer's  aim  to  present 
side  by  side  the  phenomena  observed  at  the  bedside  and  the  facta  learned 
in  the  laboratory'  in  order  to  show  how  each  supplements  the  other  in 
teaching  us  how  to  observe  the  patient  and  to  direct  the  treatment.  Many 
of  the  results  obtained  in  the  laboratory'  have  not  yet  attained  practical 
importance  because  they  have  been  scattered  through  the  literature  and 
have  not  reached  the  eye  of  the  clinician ;  but  wherever  the  clinicians  have 
looked  to  the  laboratory  or  laboratory  workers  have  looked  to  the  clinic 
for  verification  or  application  of  their  theories  the  great  pillars  of  progress 
have  been  raised.  In  accordance  with  this  idea  the  clinical  presentation 
in  each  chapter  is  preceded  by  an  introductory  section  dealing  with  the 
experimental  pathology  and  more  fundamental  principles  of  the  subject, 
which  has  been  used  as  a  basis  for  frequent  reference  in  the  clinical  dis- 
cussions. 

I  The  trend  of  clinical  observation  during  the  past  two  decades  has  been 

toward  more  accurate  study  of  disturbances  of  function  and  toward  the 
introduction   of  mechanical   methods  for  their  observation,   methods  of 

[precision  which  tend  to  supplement  or  supplant  the  older  and  simpler 
methods  of  physical  diagnosis.  Chief  among  these  may  be  mentioned  the 
study  of  blood-pressure,  the  graphic  studies  upon  alterations  in  cardiac 
rhythm  by  means  of  the  venous  pulse,  the  outlining  of  the  heart  and  vessels 
by  means  of  the  X-ray,  and  the  phonographic  recording  of  the  heart  sounds. 
Each  of  these  subjects  has  been  reviewed  with  special  reference  to  the 
general  principles  upon  which  the  method  is  based,  in  order  to  point  out 
its  applicability,  its  limitations,  the  character  of  information  which  it  has 
yielded  in  clinical  conditions,  the  conditions  under  which  the  same  informa- 
tion may  be  gained  by  simpler  methods,  the  conditions  under  which  its 
employment  is  essential  and  those  under  which  it  is  superfluous. 

The  failure  of  the  heart  has  been  traced  through  its  varying  stages 
from  the  simple  fatigue  of  the  normal  heart  in  exercise,  through  the  stage 
of  primary  overstrain,  to  that  of  broken  compensation,  especial  attention 

■  being  devoted  to  the  states  of  broken  pulmonary  compensation  arising 
from  failure  of  the  left  ventricle  and  of  broken  systemic  compensation 
from  failure  of  the  right. 
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The  pathogenesis  of  cardiac  symptoms  is  fully  discussed,  with  their 
pathological  physiology,  occurrence,  and  the  symptomatic  treatment  for 
their  relief. 

The  general  methods  of  treatment  in  cardiac  diseases,  dietetic,  phar- 
macological, gymnastic,  hydrotherapcutic,  and  electrical,  have  been  treated 
both  as  empirical  procedures  and  as  experimental  methods  to  correct 
definite  disturbances  in  the  physiologj^  of  the  circulation,  especially  changes 
in  cardiac  force,  cardiac  tonicity,  and  peripheral  resistance. 

The  chapters  upon  the  individual  organic  lesions  include  discussions 
of  pathological  anatomy,  pathogenesis,  pathological  physiologj'',  as  well 
as  of  symptomatolog>^  course,  notes  of  typical  cases,  diagnosis,  treatment, 
and  prognosis.  Considerable  attention  is  also  paid  to  functional  disturb- 
ances (valvular  insufficiencies,  etc.)  which  may  bring  about  conditions 
similar  to  those  resulting  from  organic  changes  or  may  accompany  the 
latter.  The  Adams-Stokes  syndrome  seems  so  definitely  associated  with 
lesions  of  the  auriculoventricular  muscle  bundles  as  to  justify  its  classifi- 
cation among  conditions  due  to  organic  lesions. 

The  congenital  heart  lesions  are  viewed  as  disturbances  in  embryologic 
development  in  which  primar>'  malformations  or  states  in  fetal  life  have 
diverted  the  blood  current,  modifying  the  further  course  of  development 
and  producing  concomitant  secondary  malformations.  The  effect  of  these 
lesions  upon  the  adult  circulation  and  their  relation  to  cardiac  overstrain 
in  producing  the  syndrome  of  the  morbus  cceruleue  are  discussed,  as  well 
as  the  signs,  diagnosis,  prognosis,  and  treatment. 

Short  chapters  are  devoted  to  the  subjects  of  pregnancy  in  heart 
disease  and  the  effects  of  trauma  and  wounds  of  the  heart. 

Considerable  space  is  given  to  the  purely  functional  disturbances  of 
cardiac  action,  especially  to  the  physiological  mechanisms  by  which  many 
of  them  result  from  disturbances  in  distant  organs  as  well  as  to  the  improve- 
ments resulting  when  these  disturbances  are  corrected. 

A  great  deal  of  care  has  been  bestowed  by  the  writer  in  the  prepara- 
tion of  the  illustrations,  especially  upon  the  cardiosphygmographic  trac- 
ings, the  diagrammatic  representations  of  clinical  conditions  and  of  effects 
upon  the  blood  flow  in  different  parts  of  the  circulation  as  well  as  in  differ- 
ent stages  of  the  disease.  When  necessary',  figures  have  boon  borrowed 
from  other  sources,  to  whom  due  credit  has  been  given. 

Since  the  aim  of  the  book  is  not  only  to  present  the  pnin.'i|)ai  lucia 
but  to  aid  the  reader  in  following  out  lines  in  which  he  is  especially  inter- 
ested, an  adequate  bibliography  has  been  added  to  each  chapter,  eml 
ing  the  articles  referred  to  in  the  text. 

It  is  a  pleasant  duty  for  the  writer,  in  conclusi^ 
to  Professors  Barker  and  Thayer  for  the  r 
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material  and  records  of  the  Johns  Hopkins  Hospital,  to  Professor  T.  B. 
Futcher  for  that  of  the  Johns  Hopkins  Dispensary,  and  to  his  father.  Pro- 
fessor J.  0.  Hirschfeldcr,  for  the  cases  at  the  City  and  County  Hospital 
of  San  Francisco;  to  Professor  F.  P.  Mall  and  Drs.  Knower,  Retzer,  and 
Evans  in  matters  of  anatomy  and  embryology;  to  Professors  W.  H.  Howell, 
J.  Loeb,  and  Dr.  D.  R.  Hooker  in  physiology;  to  Professors  W.  S.  Hal- 
sted,  T.  S.  CuUen,  and  J.  M.  Slemons  in  matters  of  surgery,  gynaecology, 
and  obstetrics;  to  Professors  W.  G.  MacCallum  and  W.  Ophiils,  as  well 
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Nodules  of  the  semilunar 
valves 


Ductus  arteriosus  (Botalli) . . . 

Auriculoventricular   bundle 
(Kent,  His) 


Arterial  duct 

Atrioventricular  bundle  (His) 


Sulcus  coronarius. 

Septum  ventriculorum. 

Septum  musculare. 

Septum  membranaceum. 

Atrium. 

Auricula. 

Septum  atriorum. 

Trabeculae  cameae. 

UmbuB  fossae  ovalis  (\^eu»- 
senii). 

Tuberculura  intervenosum 
(Loweri). 

Valvula  venae  cavae  (infe- 
rioris,  Eustachii). 

Valviila  sinus  coronarii  (The> 
besii). 

Foramina  venarum  minim- 
arum  (Thebesii). 

Valvula  tricuspidalis. 

Cuspis  anterior. 

Cuspis  posterior. 

CHispis  medialis. 

Valvula   bicuspidalis  (mi- 
tralis). 

Noduli  valvularum  semilu- 
narium. 

Ductiis  arteriosus  (Botalli). 

Fasciculus   atrioventricu- 
laris. 


*  Quoted  from  Barker,  L.  F.,  Anatomical  Terminology,  with  special  reference  to  the 
BNA,  Fhila.,  1907. 

The  Basle  Anatomical  Nomenclature  (BNA)  is  the  terminology  adopted  by  an  inter- 
national convention  of  anatomists  at  Basle  ih  1895,  for  the  purpose  of  securing  uniformity 
of  terminology.  As  it  has  not  yet  supplanted  the  old  terminology  in  clinical  usage, 
the  latter  is  adhered  to  in  this  book,  though  the  BNA  terms  are  frequently  given  in 
pareatheBea. 
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Flo.  4. — Sflfittal  ««<*iioii  of  the  thorax  viewed 
from  the  right.  AZ.,  «re«t  fciygoa  vein  t  POST. 
MEDIAST,,  poflterior  medtsBl inum  ;  ANTER, 
MEDIA-'^T,,  nnterior  ni<Hliaatinuru  ;  R  A,  right 
auricle  ;  PURES,  right  phrenic  nen'e. 


DISEASES 

OF  THE 

HEART  AND  AORTA 


PART   I. 

GENERAL  CONSIDERATIONS  AND  METHODS  OF  DIAGNOSIS. 


I. 
PHYSIOLOGICAL  CONSIDERATIONS. 

PROPERTIES  OF  HEART  MUSCLE. 

The  heart  is  composed  of  striated  muscle-fibres  which  differ  anatomi- 
'cally  from  the  skeletal  muscles  in  being  almost  devoid  of  connective-tissue 

Emd  from  most  of  the  skeletal  musck^'  in  the  fact  that  they  anas- 
reely  with  one  another,  forming  a  continuous  meshwork  of  muscle 
Fio.  6.— Heart  muaclD-fibna.  X  375.    (After  PieraoJ.) 

tissue  (Figs.  5  and  6).  Physiologically  heart  muscle  differs  from  skeletal 
muscle,  for  (1)  it  is  continually  undergoing  rhythmic  contractions,  and  (2), 
as  Bowditeh  has  shown,  every  contraction  is  maximal. 

Rhythmicity  in  Physico-chemical  Phenomena. — Reartiona  which  proceed  rhj-thmi- 
cally  are  not  purely  vital  phenomena,  but  are  well  known  to  physirjil  chemists.  One  of 
tbo  nuist  striking  is  shown  in  the  catalysia  of  hyrirogea  peroxide  by  ujetaHic  mercury, 
which  hiia  been  studied  recently  by  Brcdig  and  Wilke.  Wlien  hydrogen  peroxide  acts 
upon  lucrcury,  a  yellow  or  brownish  film  of  an  oxide  of  mercury  forma  upon  the  surface 


•  The  tongue  of  the  frog  and  some  other  forms  of  muscle  somewhat  resemble  heart 
muscle  in  structure. 
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of  tho  latter.    This  film  remains  for  a  moment,  after  which  it  goea  into  solution,  leaving 
the  Hurface  of  tho  mercury  bright;  and  the  reaction  is  repeated.    As  Kastle  and  Laevenhart 
have  eliown,  the  splitting  of  hydrogen  peroxide  ia  inhibited  whenever  an  insoluble  film  is 
formed  over  the  surface  of  the  catalyier;  so  that  the  splitting  of  the  hydrogen  iMMt>xide 
is  not  a  continuous  but  an  interrupted  process.       Bredig  and  Wilke  recorded  h 
the    liberation    of    oxygen    bubbles    by    means    of    a    tambour^B 
and    found    that    such    tracings    close!"    »'*'«embled    traeingg 
from   the   heart.      They  were  rhythmic;  the  rate  could  De  iniuch  accelerated  by  the 
passage  of  an  electrie  current ;  and  under  certain  circumstaocea  even   irregulariti  e »  h 
resembling  extrasystolic  arrhythmias  could  be  produced.  H 

A  great  deal  of  perspicuity  has  been  added,  especially  to  the  clinical 
study  of  the  cardiac  function,  by  discriminating  between  influences  which 

flndolhelium  . 


Subendothelaal' 
■timtum 


Laverrieh  in- 

UMticft 


Deepest  l»yer- 


Heart  mwcle'' 

Blood-vesad  ' 
Fia.  6. — Sectioa  thioucb  tbe  eodooardium  ahowing  croaa-wctios  of  the  [ClUacl(^-fib^«a.    (After  Pienol.) 

affect  the  cardinal  properties  of  the  cardiac  muscle  (Engelmann).  One 
recognizes  those  which  affect  (1)  rhythmicity  (chronotropic 
influences);  (2)  irritability  (bathmotropic);  (3)  con- 
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Fio.  7. — Carre  showing  tho  cata1}'ria  Of  hydrogen  peroxide  by  mercury  under  the  iaFlueiic«  o(  galvitaiD 
currentsof  ioicrewiofffltFeafftha.     (After  Brodig  and  Wilke,  Biochem.  Ztscbr.,  1908,  li.  67.) 

ductivity   (dromotropic);   (4)   contractility  (inotro- 
pic),  as  well   as   (5)    tonicity   (Mackenzie). 

Influences  improving  these  properties  are  designated  as  positive,  those 
which  depress  them  as  negative. 


ORIGIN   OF   THE   HEART-BEAT. 


R61e  of  the  Salts.^Merunowicz,  under  Ludwig's  direction,  demon- 
strated that  the  rhytlimicity  of  the  heart  depended  not  only  upon  its  intrin- 
sic characteristics  but  particularly  upon  the  action  of  the  inorganic  salts 
present  in  the  blood-serum.  Ringer  (1882),  and  later  Howell,  showed  that 
the  ant^onistic  actions  of  potassium  and  calcium  salts  were  the  factors 
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chiefly  conceraetl  in  determining  the  rhythm  of  the  heart,  while  Loeb  and  his 
pupil,  Lingle,  showed  that  without  the  sodium  salts  it  would  not  beat  at  all. 
Accordingly,  as  I^oeb  and  Howeil  agree,  the  heart-beat  can  ho  maintaineil 
only  when  these  three  salts  or  their  ions  are  present  in  certain  definite  pro- 
portions, or  in  what  Loeb  has  termed  "a  balanced  solution." 
However,  while  Ringer  and  Howell  believe  that  the  cal- 
cium liberates  the  motive  power  of  the  cardiac 
contraction,  Loeb  and  his  pupils  believe  that  this 
is  done  by  the  sodium  and  that  the  calcium  and  potassium  merely 
keep  the  sodium  from  liberating  too  much. 

Their  mode  of  action  has  been  explained  by  Loeb  in  1899  in  the  follow- 
ing words: 

"The  salt  or  electrolytes  in  general  do  not  exist  in  living  tissuefl  as  such  excluaively, 
but  are  partly  in  combinution  with  proteida  (or  fatty  acide).  The  salt  or  electrolytes  do 
not  enter  into  this  combination  as  a  whole,  but  through  their  ions.  The  great  importance 
of  these  ion-proteid  combinations  (or  soaps)  lies  in  tht'^  fact  that  by  substitution  <.if  one  ion 
for  another^  the  physical  properties  of  the  proteid  change  (f  .p.,  their  surface  tension,  their 
power  to  absorb  water  or  their  viscosity  or  state  of  matter).  We  thua  possess  in  these 
ion-proteid  or  soap  compounds  essential  constituenta  of  living  matter,  whirh  can  be  modi- 
fied at  desire,  and  hence  enable  ua  to  vary  and  contrL))  the  life  phenomcmi  themselves, 

**Life  phenomena,  and  especially  irritability,  depend 
upon  the  presence  in  the  tissues  of  a  number  of  the  various 
metal  proteids,  or  soaps  {Na,  Ca,  K,  and  Mg)  in  definite 
proportions.  .  .  .  Solutions  of  Na-aalta  produce  rhythmical  contractions  only 
if  the  muscle  celb  contain  Ca-iona  in  sufficient  numbers.  As  soon  as  there  is  a  lack  of  Ca- 
ions  in  the  tissue  the  Na-ions  are  no  longer  able  to  cause  rh>'tlmiical  contractions.  On 
the  other  hand,  if  we  add  Ca-salts  in  sufficient  quantity  to  the  NaCl  solution,  it  will  no 
longer  cause  rhythmical  contractions  in  the  fresh  muscle  of  the  frog.  .  .  .  It  is  hardly 
neceasary  to  mention  that  this  suggested  the  possibility  that  muscular  contraction  in  gen- 
eral ia  due  to  a  substitution  of  Na  for  Ca,  or  itice  versa,  in  certain  compounds  (proteins  or 
soaps)  in  the  muscle." 

The  hjTwthesis  that  the  main  physiological  antagoniBm  lies  between 
K  and  Ca  is  stated  by  Howell  in  the  following  words: 

"The  well-nourished  heart  contains  a  large  supply  of  energy-yielding  material  which 
18  in  a  stable  form,  so  that  it  neither  diswiciates  spout um>ously  nor  can  be  made  to  do  bo 
by  the  action  of  external  stimuli.  It  is  possible  that  this  stable,  non-dissociable  form  con- 
aiats  of  a  combination  between  it  and  the  potaasium  or  the  polu.ssium  salts,  and  that  therein 
Uea  the  functional  importance  of  the  potassium  contained  in  the  tissue.  This  compound 
reacts  with  the  calcium  or  with  the  calcium  and  sodium  salts  and  a  portion  of  the  potas- 
sium is  replaced;  and  a  compound  is  formed  which  ia  unstable.  At  the  etid  of  the  diastolic 
period  thia  compound  reaches  a  condition  of  in.Htability  such  that  it  dissociates  spontane- 
ously, giving  rise  to  the  chain  of  cvcnla  that  culminates  in  the  normal  systole.  Before 
spontaneous  dissociation  occurs  it  may  be  hastened  by  an  external  stimulus,  as  we  know 
is  the  case  when  a  mechanical  or  electrical  shock  is  applied  to  the  heart  at  any  time  after 
diastole  begins." 

Erlandsen  has  found  in  heart  muscle  a  lipoid  substance  (cuorin)  which  is 
allied  to  lecithin  but  contains  two  phosphate  group  radicals  (diphosphatid) 
instead  of  one.  Cuorin  ia  not  present  in  any  other  tissue  nor  in  skeletal 
muscle.  It  is  capable  of  forming  compounds  with  Na,  K,  Ca,  and  other 
metals,  which  differ  greatly  in  their  physical  and  chemical  properties  and 
especially  in  their  solubilities.  It  is  possible  that  this  substance  may  play 
an  intermediary  role  in  the  process  assumed  by  Howell . 
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In  this  connection  it  is  interesting  to  note  that  Harden  and  Young  have 
found  that  tlie  phosphate  radical  plays  a  very  essential  role  in  the  process  of 
yeast  fermentation  of  glucose.  It  is  quite  possible  alno  that  in  the  glycolj'sis 
which  accompanies  the  liberation  of  energy  in  the  cardiac  contraction  this 
radical  may  play  a  similar  role. 

Any  single  ion  or  salt  is  poisonous  by  itself,  but  in  the  presence  of  cer- 
tain others  may  be  beneficial.  This  very  interesting  question  of  "  b  a  I  a  n  c  e  d 
ion  solutions"  has  beeu  extensively  investigated  b}'  Loeb  and  liia 
pupils,  not  only  upon  heart  but  upon  skeletal  muscle  and  ujjon  lower  medus®, 
molluscs,  and  fishes. 

G.  R.  Mines  (Jour.  Physiol.,  1913,  xhi,  p.  xxiii)  haH  shown  that  by  de- 
creasing alkaUnity  the  conduction  time  can  be  prolonged  and  the  duration  of 

systole   shortened,   ami    increasing 
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Fio.  8. — Apparatus  for  perfuning  Ihp  mammiu 
Uaa  Iicatl.  A,  nuricle;  V,  ventricle:  TAMti., 
tenibour;  Til.,  llionnometer;  MAN.,  maaoioeter; 
GASCil.  goa  rheck;    Oj.  tank  of  oxycfin. 


the  alkalinity  produces  the  opposite 
effect.  Moreover,  Dorothy  Dale  has 
shown  that  increasing  the  alkalinity 
may  cause  the  ventricle  to  beat  be- 
fore the  auricle. 

Even  the  mammalian  heart  can 
be  readily  revived  and  kept  beating 
outside  the  body  if  perfused  with  a 
solution  containing  these  substances 
together  with  sodium  bicarlionate 
(Ilowell)  and  saturated  with  oxygen 
(Locke's  solution — NaCl,  0.9  per 
cent. , + CaCla,  0.024  percent. ,  -f-KCl, 
0.042 -}-NaHCO|,0.01to0.03,  +  dextrose.0.1  percent.).  Itisneces-sarytomain- 
tain  the  blood-pressure  at  50 -KM)  ituu.  llg,  an<l  the  temperature  36°  to  lYI", 
Kuliabko  mid  others  ha  ve  revived  excised  human  hearts  many  hoiirs  after  death. 
The  study  of  the  excised  heart  has  bet^n  very  useful  both  in  testing  the 
effect  of  dru^  and  in  simulating  conditions  of  disease;  but  the  conditions  of 
circulation  are  not  exactly  comparable  to  those  within  the  animal,  and  the 
results  should  always  be  carefully  checked  upon  the  intact  animal  before 
assuming  them  to  be  normal  or  drawing  any  conclusions  as  to  pharmaco- 
logical action. 

Myogenic  and  Neurogenic  Theories. — Whether  the  salts  or  ions  which 
maintain  the  rhythmicity  of  tlie  heart-ljeat  do  so  by  acting  directly  upon 
the  muscle  tissue  (myogenic),  or  whether  the  stimuli  are  first  generated 
in  nerve  tissue  (neurogenic)  and  then  transmitted  to  the  muscle,  is  a 
question  which  has  been  disputed  for  centuries.  And  though  the  pendulum 
has  repeatedly  swung  from  one  opinion  to  the  other^  this  question  cannot 
at  present  be  aniswered.  It  is  quite  certain  that  all  the  extrinsic  cardiac 
nerves  can  be  removed  without  stopping  tlie  rhjlhmie  contractions,  and 
that  the  ganglion  cells  may  be  stimulated  without  materially  aifccting  the 
rhythm  (Gaskell).  But  the  mesh  work  of  muscle-fibres  in  the  heart  is  so 
permeated  by  a  nieshwork  of  fine  nerve-fibres  that  it  has  been  impossible 
to  determine  whether  the  impulse  arises  in  the  muscle-cells  or  in  tiie  nerve 
endings  upon  their  surfaces.  Wm.  His,  Jr.,  haa  indeed  show^l  that  the  heart 
of  the  chick  embryo  beats  before  nerve-fibres  have  entered  it  at  all,  but  the 
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possibility  still  remains  that  after  once  entering  the  heart  the  nerves  may 
take  the  initiation  of  contraction  away  from  the  adult  heart-muscle.  More- 
over, the  recent  experiments  of  Carlson  and  of  Magnus  in  allied  fields  give 
considerable  evidence  that  such  may  be  the  case;  so  that,  in  spite  of  its  im- 
portance for  both  the  physiology  and  the  pathology  of  the  heart,  neither  the 
myogenic  nor  the  neurogenic  theory  of  the  heart-beat  has  been  finally  proved. 
Maximal  Contractions  and  Irritability. — As  Bowditch  has  shown— the 
heart  hberates  all  its  available  energy  at  each  contraction,  which  resembles 
in  this  way  the  explosion  of  gunpowder  or  the  liberation  of  a  spring  by  a 
trigger.'  Like  the  power  of  the  spring,  the  strength  of  the  cardiac  contrac- 
tion depends  upon  the  energy  stored  up.  This  energy  .seems  to  depend  upon 
the  regeneration  of  the  contractile  substance  mentioned  above  by  Howell. 
When  the  next  contraction,  normal  or  abnormal  (extrasystole),  occurs 
soon  after  the  last  (early  in  diastole),  the  contraction  is  weaker  than  the 
preceding,  since  it  liberates  less  energy,  but  the  contractile  substance  is  again 
completely  destrcij^ed  and  re<-iuires  another  pause  (compensatory 
pause,  see  page  109)  to  regenerate  it.  When  it  occurs  late,  the  contrac- 
tion is  of  almost  or  quite  original  strength,  and  the  stored-up  energy  is  again 
liberated  completely.  Moreover,  Erlanger  has  shown  that  the  irritability  of 
the  heart  increases  progressively  as  diastole  is  prolonged  and  as  the  muscle 
becomes  overloaded  with  the  energj'-producing  substance. 

ORIGIN   AND    COURSE   OP   THE   GARDIAC    IMPULSE. 

The  Sinus  as  "  Pace-maker  "  of  the  Heart. — In  the  frog,  where  the  car- 
diac impulse  travels  slowly,  it  is  very  easy  to  see  that  it  arises  at  the  sinus 
venasus,  which  executes  a  contraction.  This  is  followed  by  contraction  of 
the  auricle,  the  latter  after  an  appreciabte  interval  by  a  visible  contraction 
of  the  small  ring  of  muscle  alx>ut  the  auricuioventrieular  ring  (Bond),  and 
this  in  turn  by  contraction  of  the  ventricles. 

It  is  probable  that  the  .sinu.^  initiates  the  cardiac  rhythm,  because  it  is 
the  chamber  which,  when  isolatc^d,  iK'ats  at  the  fastest  rhythm  in  the  bkiod- 
serum,  and  hci  ce  it  becomes  what  Erlanger  terms  "the  pace-maker  of  the 
heart."  '  Indeed,  if  the  impulse  from  the  sinus  is  blocked  by  crushing  or  by 
cooling  the  sino-auricular  Ixirder,  the  impulses  no  longer  reach  the  auricles, 
which  must  then  contract  by  their  own  slower  rhythm  or  not  beat  at  all 
(sino-auricular  heart-bluck). 

Anatomy  of  the  Sinus  Region  in  Mammals. — In  the  mammalian  embryo 
the  sinus  venosus  or  sinus  reuniens  exists  as  a  separate  chamber  bounded  by 
the  mouths  of  the  vena*  cava?,  the  interauricular  septum,  and  the  Eustachian 
valve,  which  at  this  stage  of  development  is  relatively  large  and  almost  com- 
pletely partitions  it  from  the  ca\ity  of  the  auricle.  As  the  heart  grows,  how- 
ever, the  region  about  the  Eustachian  valves  grows  ver}'  little,  and  the  sinus 
reuniens  becomes  incorporated  in  the  cavity  of  the  right  auricle,  so  that  in 
the  adult  it  is  represented  by  only  a  few  bundles  of  smooth  muscle-fibres 
lying  indefinitely  between  the  vense  cavffi  and  the  auricle  proper.    In  1906 

•  Burridge  (Jour.  Plivsjol.,  1914,  xlvii,  p.  xxxi)  has  shown  recently  that,  frog's  ventricle 
poisoned  with  calcium  salts,  chloral  hydrate,  or  alcohol  may  carry  on  submaximal  stimuli 
I       aad  may  be  tetanized  like  skeletal  muscle. 

^m  *  Under  pathological  conditions,  and  expeci.^lly  in  the  excised  heart,  the  ventricle  may 

^K  become  more  irritable  and  may  become  the  pace-maker  {reversed  rhytluii). 
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Wenckebach  described  one  of  these  bands  which  crossed  the  veno-aitriciUar 
junction  from  the  superior  vena  cava  to  the  upper  surface  of  the  right  auricle 
and  penetrated  downward  toward  the  coronary  sinus.  This  was  soon  con- 
firmed by  Keith  and  Flack,  who  stated: 

"Our  search  for  a  wctl-cliffcrentmttxl  sysfctn  of  fibres  witMii  the  sinus,  which  might 
serve  ba  a  basis  for  the  inception  of  the  ciirdiae  rhythm,  has  led  us  to  attach  import- 
ance to  this  peruliar  miuiculature  surrounding  the  artery  at  the  sino-auricular  junetioii. 
In  the  human  heart  the  fibres  are  striated,  fxisifonn,  with  well-marked  elongato<l  nuclei, 
plexiform  in  aiTangcment,  and  embedded  in  densely  paeked  connective  tisane — in  fact, 
of  cIo«<'ly  similar  strueturc  to  (he  Knoten.  The  amount  of  thb  musculature  varies, 
depending  upon  how  much  of  the  sinus  haa  remaintd  of  the  primitive  ty-pe;  but  in  the 
neighborhood  of  the  tajnia  terminalis  tJicrc  is  always  Bome  of  thia  primitive  tissue  found. 
Macroacopically  the  fibres  resemble  those  of  the  a.-v.  bundle  in  being  paler  than  the  sur- 
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Fio.  9. — Tlie  auricular  oiid  ol  the  human  heart  viewed  from  the  right.     (Aflcr  Pieri»i»l,) 


rounding  mn.seulalure, — i.e ,  in  being  of  the  white  variety.  They  can  be  disaonted  out 
on  the  8U[>orior  vena  cava  in  the  rr-^gion  correwponding  to  the  right  venous  vaive  and  at 
the  coronary  sinus  in  the  intcrvai  between  it  and  the  inferior  vena  cava  and  left  auricle. 
Another  remarkable  jjoint  in  connection  with  these  fibres  is  the  ajwcial  arterial  supply 
with  which  they  are  pro\'ided.  These  arterial  branches,  aa  noticed  by  Wenckebach,  em- 
brace the  aiiio-auricular  junction.  It  will  be  seen  that  they  come  from  both  right  and  left 
coroiian,^  arteries  and  form  what  may  be  termetl  the  *siao-auricu!ar  arterial  circle.'  We 
might  mention  also  that,  in  some  of  the  pathological  hearts  cut  by  ua,  sections  of  this 
region  appeared  to  show  a  definite  increase  in  the  amount  of  fibrous  tissue  present — a  fact 
of  conftiderable  importance,  since  we  iiave  foiinfl  tliat  the  fibrouH  tissue  of  the  Knotca  and 
a.-v.  bundle  is  sometimes  hicreased  in  pathological  hearts." 

These  observations  have  been  confirmed  by  Schonberg,  W.  Koch,  d© 
Witt,  Cohn,  Lewis  and  Ojspenheimer,  and  a  host  of  others. 
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The  Veno-aurJcular  Junction. — Schonberg  studied  the  veno-auricular  junction  in  a 
large  number  of  noniml  and  abnormal!  hunmn  hearts  by  means  of  serial  sections,  each  sejies 
being  composed  of  300  to  800  seetioos.  At  a  level  10  to  15  mm.  above  the  entrance  of  the 
superior  vena  cava  into  the  auricle  (atrium)  he  found  the  Ufiual  structure  of  vem  wall. 
Below  this  level  the  media  is  found  t-o  contain  groups  of  striated  rousde-fibrea  separated 
from  one  another  by  fat  and  connwtive  tissue.  These  Btriat<Hl  mu.«<cle-fibre8  arise  in  the 
'vicinity  of  non-striated  fibres  but  are  never  continuous  with  them.  Bundles  of  these  fibres 
J^  to  1  mm.  in  diameter  run  transversely  a«'rosa  the  vein  toward  the  auriele,  gradually 
converging  into  larger  biindlea,  which  are  s<rparated  from  one  another  by  a  tirssue  rieh  in 
lymph-  and  blood-vessels.  In  the  angle  (sulcus)  formol  between  the  auricle  (atrium)  and 
vena  cava  these  ban^ls  of  striated  muscle  become  much  thinner  and  contain  nvimerous 
tortuous  fibres  resembling  Purkinje  fibres.  In  this  region  there  is  a  cousiderahle  deposit 
of  fat,  lymphoid  and  connective  tissue,  forming  a  more  or  less  definite  border-line.  The 
muacle-tibrea  of  the  auricle  (atrium)  are  inserted  in  the  connective  tissue  here.  The 
connection  between  the  musculature  of  the  vena  cava  and 
that  of  the  auricle  is  made  by  the  numerous  small  bundles 
of  striated  mu»ele-f ibrca  lying 

just  beneath  the  endocanlium,  which  pass  g 

across  this  jimction  and  end  in  the  fibres  of 
Auricular  muscle.      "In    the    macro-  ^^ 


Fia.  10. — The  sinus  re^n.u  .if  liic  hcurt  and  th«  auricubvcntricuUr  b 
from  the  finding*  of  Kvitb  and  Fluck,  Tuwuru  and  la(«r  invcaliKa(or».) 
broken  lino  nmrka  off  the  nroa  corre.«r>omJinK  to  the  region  of  ihe  crobrytjnn 
aefo  from  the  front.     CS,  mouth  of  coronary  ainua. 
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■  rn  tho  riicbu  Tb« 
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ecopic  preparations  it  is  almost  always  readily  seen  that 
the  sulcus  is  britlged  at  its  posterior  lateral  third  by  a 
musrle-bundlo  which  ascends  upwards  and  backwards  from 
the  auricle  (atrium)  to  the  superior  vena  cava,  where  it  is 
strengthened  by  fibres  from  the  circular  musculature  of 
the  lower  part  of  the  vein.  This  bundle  is  also  well  seen  microscopicatly, 
but  numerous  other  smaller  niusrle  bundles  are  seen  as  well.  It  corresponds  quite  well  with 
that  described  by  Keith  and  Hack,  and  Wenckebach. 

Schonberg  found  that  the  ref;qon  of  the  sulcus  is  particularly  rich  in  nerve-fibres, 
ganglion-cells,  blood-vessels,  and  lymphoid  tissue,  and  is  therefore  particularly  liable  to 
pathological  infiltrations  and  cicatrizations. 


It  is  worthy  of  note  that  the  sulcus  noted  by  Schonberg  does  not  repre^ 
it  the  sino-auricular  junction  but  the  veno-sinal  junction.  The  strands 
of  striated  muscle  which  he  describes  are  derived  from  the  sinus.  The  eino- 
auricular  (sino-atrial)  junction,  on  the  other  hand,  is  actually  situated  within 
the  body  of  the  auricle  (atrium). 

R6le  of  the  Sinus  in  Mammals. — There  is  a  considerable  amount  of 
physiological  as  well  as  anatomical  evidence  that  in  the  adult  mammal  as 
well  as  in  the  amphibian  this  is  the  region  in  which  t!ie  cardiac  impulse  arises. 


DISEASES  OF  THE  HEART  AND  AORTA. 

Knoll  and  also  Fredericq  have  showB  by  graphic  records  that  the  right  auricle 
begins  to  contract  .01  to  .03  second  before  the  left  auricle, 
and  the  laKer  aa  well  aa  Langendorff  and  Lohmann  deraonst  rated  upon  the  excised  heart 
that  the  left  auricle  ceases  to  contract  when  the  right  auricle  is  cut  away  from  the  septum. 
Eriaiiger  and  Blackman  were  able  to  constrict  off  the  region  of  the  vcnte  cavac  by  a  suitable 
clamp,  and  also  by  torsion  of  this  part  of  the  aiu-lcle,  and  obtained  a  slight  degree  of  block 
{2:1)  between  the  sinus  and  the  atrial  portions  of  this  chamber  by  this  means;  but  neither 
Hirachfelder  and  Eystcr  nor  Erlanger  and  Blackman  were  able  to  produce  such  a  sino- 
auricular  block  in  the  heart  in  fdtu.  Erlanger  has  shown,  however,  that 
the  tiaaiie  in  this  region  Teaponds  more  readily  to  induc- 
tion ducts  than  the  rest  of  the  auricle,  showing  a  higher 
irritability. 

Quite  recently  Wybauw  has  shown,  by  means  of  the  electrocardiogram,  that  the 
region  of  Keith  and  Flack's  node  becomes  negative  before  any  other  part  of  the  auricle; 
and  this  observation  has  been  confirmed  by  Lewis.  Lewis  and,  later,  Wybauw 
have  shown  also  that  wlicn  artificial  stimuli  are  applied 
to  any  other  part  of  the  auricle  the  resultant  electrocardio- 
gram 18  atypical,  but  when  it  is  applied  to  the  node  of  Keith 
and    Flack    the    electrtjciardiogram    is    normal. 

A.  E.  Cohn  and  Kessel  have  found  that,  although  multiple  incisions  elsewhere  in  the 
auricle  did  not  affect  the  rate,  when  the  nodc-he;irinR  area  was.  entirely  cut  away  the  heart 
stopped  entirely  in  ten  out  of  sixteen  experiments,  and  in  two  other  experiments  the  rate 
fell  30  to  60  per  cent.  The  stoppage  after  the  excision  lasted  from  7  to  92  seconds,  after 
which  the  rate  gradually  quickened  but  always  remained  slower  than  before  the  cut. 

Eyster  and  Meek  (Heart,  1913-1914,  v,  119)  attempted  to  study  the  same  question 
from  a  different  angle,  by  determining  directly  the  point  at  which  the  electrical  wave  of 
negative  variation  first  makes  its  appearance.  The  point  at  which  this  occurs  would  of 
course  first  be  negative  to  any  other  point  on  the  surface  of  the  heart  or  blood-vessels,  bo 
that  when  they  place<l  one  electrode  over  the  siuo-auricular  node  and  one  over  the  auricle 
it  was  easy  to  determine  the  point  at  wliich  the  impulse  arose  and  to  map  out  the  electrical 
sequence  over  the  whole  surface  of  the  heart.  They  found  that  in  the  dog  the  sino-auricular 
nod©  was  the  first  one  to  become  negative,  then  the  superior  vena  cava,  then  the  coronary 
sinus  and  right  auricle,  indicating  that  the  cardiac  impulse  travelled  in  this  order. 

Course  of  the  Impulse  after  Leaving  the  Sinus.^ — From  the  sinus  region 
the  cardiac  impulse  travels  to  the  walls  of  the  :iuri("lrs  iind  gives  rise  to  the 
auricular  contraction.  It  is  also  propagated  tlownward  toward  the  ventricles, 
which  it  reaches  about  one-fifth  of  a  second  later. 

The  discovery  of  nerve-fibrea  (Tawara)  and  ganglioa-cells  (Wilson)  in  this  bundle 
has  raised  the  que^Jllon  as  to  whether  the  conduction  occurs  through  nerve  or  muscle  tiwaue. 
The  preponderance  of  evidence  aeem.s  to  be  in  favor  of  the  latter.  In  the  frog  Bond  has 
been  able  to  see  that  the  mu.Hcle-fihrcs  of  the  auriculoventricular  ring  actually  contract 
whenever  an  impulse  patwos  from  the  auriclcH  to  the  ventricles.  V.  Tabora  has  found 
that  the  vagi  do  not  act  ujxin  the  ventricles  in  nmmmalf^  after  the  conduction  has  been 
completely  cut  olT  by  means  of  an  Krlanger  clamp  or  by  poisoning  with  digitalis.  This 
observation  is  in  opposition  to  the  work  of  Garrey  upon  the  terrapin's  heart,  using  & 
similar  method.     He  found  the  vagi  active  after  clamping, 

Kent,  His,  Retzer,  Braeunig,  Keith,  and  Tawara  have  shown  that  the 
cardiac  impulse  i.s  propagated  from  auricles  to  ventricles  through  the  system 
of  Purldnje  fibres,  which  forms  a  X  whose  shaft  arises  in  the  right  auricle 
at  or  near  thi^  t>inus,  run.s  in  the  membranous  se]}tum  (auriculoventricular 
bundle)  downward  to  the  muscle  septum,  where  it  divides  into  two  branches 
which  8tratldle  the  muscular  septum  and  then  pass  to  the  right  and  left  ven- 
tricles. Within  these  chambers  the  branches  divide  into  nmnerous  ramifi- 
cations which  lie  just  beneath  the  endocardium  and  paas  downward  as  a 
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meshwork  of  light-colored  translucent  strands  to  the  papillary  muscles  and 
walls  of  the  ventricles.  Occasionally  instead  of  following  the  walls  they  cross 
the  ventricular  cavity  t^  the  papillary  muscle  &s  isolated  strands  (mode- 
rator bands,  T.  W.  King,  Tawara). 


i 


COORDINATION    OF   THE    CARDIAC    CHABfBEBS. 

Under  all  circumstances  the  contractions  of  both  auricles  and  of  both 
ventricles  are  ahnost  synchronous,  or  under  vagus  stimulution  or  injury  to 
the  conduction  system,  the  chambers  of  the  right  heart  contract  one  or  two 
hundredths  of  a  second  before  those  of  the  left.  Even  untier  these  circum- 
stances tlie  contractions  are  exactly  similar  in  the  two  partes  of  the  heart  and 
there  is  no  real  dissociation.  Biggs  and  Barker,  Hirschfelder  and  Bond  cut 
the  left  branch  of  the  conduction  system  (His  bundle),  and  found  that  the 
two  ventricles  continued  to  contract  connlinately  and  that  extrasystoles 
produced  in  the  one  were  communicated  at  once  to  the  other.  These  obser- 
vations have  been  confirmed  by  Trendelenburg  and  Cohn  and  by  Rothberger 
and  Eppinger,  who  showed  that  the  same  thing  was  true  for  the  right  branch 
of  the  i>undle.  Rothl>erger  and  Eppinger  have  showii  that,  although  the 
mechanical  factors  of  the  contraction  are  not  altered,  great  changes  occur  in 
the  electrocardiogram. 

Arrangement  of  Muscle-fibres  in  the  Ventricle. — This  is  not  surpris- 
ing, on  account  of  the  peculiar  arrangement  of  the  muscle-fibres  within  the 
ventricle.  It  must  be  borne  in  mind  that 
the  heart,  is  developed  from  the  original 
cardiac  tube,  a  vessel  pro\'ided  like  other 
vesseb  with  a  longitudinal  and  a  circular 
muscle  coat.  In  the  process  of  develop- 
ment this  tube  at  first  is  tTftitited  into  a 
U  shape,  and  the  development  of  the  in- 
terventricular sf^ptum  transforms  the  U 
arrangement  into  more  or  less  of  a  W, 
the  arms  of  which  are  twisted  as  one 
might  twist  a  ri:>pe  or  wring  out  a  wet 
towel  (Borelli,  Mall).  The  fiiual  course 
of  the  muscle-fibres  is  rather  complex, 
and,  as  stated  by  Mail,  it  "  must  be  due 
to  functional  adaptation  from  the  time 
the  heart  bt^gins  to  beat." 

Borelli  and  the  other  workers  who 
followed  him,  notably  Haller,  Wolflf, 
Gerdy  and  Ernst  Heinrich  WelxT,  rec- 
ognized the  fact  that  the  walls  of  the 
heart  were  composed  of  bundles  of  fibres 
encircling    the    ventricles,    and    Borelli 

found  that  those  at  the  apex  penetrated  the  walls  to  spread  out  within  the 
cavity  of  the  ventricles.  Lutlwig  and,  lat^-r,  Krehl  described  what  they  believed 
was  a  very  important  bundle  of  fibres  which  surroumled  the  cavity  of  the 
left  ventricle  like  a  ring.    They  supposed  that  these  fibres  were  the  principal 
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factors  concerned  in  squeezing  the  blood  out  of  the  cavity  of  the  left  ventricle, 
and  hence  deeignated  them  as  the  "  driving  apparatus  "  (Triebwerk).  J, 
B.  MacCallum,  under  Mall's  direction,  was  able  to  show,  however,  that  the 
heart  of  the  pig's  embryo  could  be  unrolled  like  a  scroll,  and  Knower  found 
that  the  same  was  true  of  the  he-arts  of  man  and  all  other  adult  mammals. 
Mall  has  continued  these  studies,  and  has  found  that  the  musculature  of 
the  two  ventricles  is  composed  of  two  distinct  spirals,  one  running  from  the 
tricuspid  or  sinus  portion  of  the  heart  to  the  apex  of  the  right  ventricle  (sino- 
spiral),  and  the  other  from  the  aortic  and  mitral  orifice  to  the  apex  of  the 
left  ventricle  (bulbospiral).  These  two  spirals  are  each  composed  of  a  deep 
and  a  superficial  layer  of  fibres,  which,  as  Ludwig  demonstrated,  run  at  right 
angles  to  one  another,  and  they  are  connected  ^ith  one  another  by  the  twisted 
strands  which  run  from  the  papillary  muscles  of  one  ventricle  to  those  of 
the  other  (Fig.  11).  He  found  that  Krehl's  Triebwerk  belongs  to  this  sys- 
tem, and  that  it  encircles  the  left  ventricle  like  a  spiral  and  not  like  a  ring, 
and  it  does  not  have  a  separate  existence. 

The  system  of  auriculo ventricular  conduction  fibres  (Purkinje-Tawara 
system)  is  not  derived  from  the  muscular  cardiac  tube,  like  these  ventricular 
muscular  strands,  but  is  derived  from  the  fibres  which  lie  in  the  loose  meshes 
between  the  endocardial  tube  and  the  muscular  tube,  from  which  arise  also 
the  auriculoventricular  valv^  and  the  papillary  muscles*  In  the  develop- 
ment of  the  interventricular  septum  these  fibres  are  caught  and  pushed  up 
by  the  latter.  They  therefore  unite  with  the  sj'atem  of  spiral  fibres  of  the 
ventricles  which  run  in  the  septum,  not  included  in  this  structure,  but  rather 
superposed  upon  it,  and  straddle  the  septum  like  a  man  on  horseback,  whose 
head  is  the  node  of  Tawara,  whose  body  the  His  bundle  in  the  membranous 
sejjtuni,  and  whose  legs,  the  shafts  of  the  bundle,  pass  down  within  the  spiral, 
to  enter  the  walls  and  papillary  muscles  like  the  feet  within  the  stirrups. 


EMPTYING    AND   FILLING   OP   THE   HEART,    AND   MOVEMENTS 
OF   THE    VALVES. 

The  Presphygmic  Period. — The  instant  before  the  beginning  of  ven- 
tricular systole  the  mitral  and  tricuspid  valves  arc  open,  while  the  aortic 
and  pulmonic  valves  are  closed.  When  the  ventricular  contraction  begins, 
it  at  once  raises  the  pressure  within  the  ventricles  above  that  in  the  auricles, 
causing  the  mitral  and  tricuspid  valves  to  close  with  a  snap.  There  ia  thus 
a  short  interval,  the  presphygmic  {.07-.O9  sec),  at  the  very  beginning  of 
systole,  during  which  all  four  valves  are  closed  and  movement  of  blood  ceases 
in  all  four  chambers.  This  period  lasts  until  the  pressure  within  tha  ventricles 
rises  above  the  arterial  pressures  (minimal  pressure),  after  which  the  blood 
is  driven  out  during  the  rest  of  systole. 

Marey  has  shown  on  mechanical  models  that  the  presphygmic  period  is 
prolonged  in  mitral  insufficiency  and  shortened  in  aortic  insufficiency;  and 
Robinson  and  Draper  have  found  it  lengthened  in  cases  of  cardiac  weak- 
m»as.  In  extreme  cases  it  may  last  .168  sec.  In  cases  of  arrhythmia  the 
presphygmic  periods  of  the  weaker  beats  may  be  very  much  prolonged,  and 
this  may  produce  an  effect  upon  the  tracing  which  simulates  prolonged  con- 
duction time. 
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Fio.  12.— Apparatus  for  rogietering  the  volume  of 
the  ventricles.     CAHDJOM,,  cardioroeler. 


Method  of  Recording  the  Volume  Curve. — Yandell  Henderson  has  recordt?d  the 
emptying  and  filling  of  the  vt'ntrick>a  by  means  of  a  speciaJly  conatnicted  cardiac  plethya- 
inograph  or  canliomet^^r  like  tfiat  of  Tigerstedt  and  Johannson.  Henderson's  cardiometer 
was  made  from  an  ordinary  rubbw  ball,  out  of  which  a  large  window  waa  cut  and  then 
closed  hermetically  by  cementing  on  a  curtain  of  rubber  dam.  In  the  centre  of  the  rubber 
dam  a  hole  was  cut  just  large  enough  for  it  to  fit  air-tight  in  the  auriculovcntricular  groove. 
The  heart  waa  then  pushed  in  through  the  hole  until  the  dam  slipped  into  the  groove. 
The  changes  of  pressure  within  the  air  space 
BiUTounding  the  heart  were  communicated 
to  a  recording  tambour  through  a  glass  tube 
cemented  in  the  opi>oaite  surface  of  the 
ball  (Fig.  12).  Dr.  Cameron  and  the  writer 
have  found  it  most  convenient  to  have  the 
recording  tambour  inverted,  w*  that  up- 
strokes record  systole  and  down- 
strokes  diastole,  while  a  general 
rise  in  the  curve  indicates 
diminution  in  volume,  and  a 
general  fall  indicates  dilatation. 

W.  G.  MacCallum  has  controlled  this  method  by  recording  the  amount  of  blood 
flowing  out  of  a  tube  whose  proximal  end  is  inserted  into  the  aorta  and  whose  distal  end  is 
elevated  to  a  level  corresponding  to  the  diastolic  pressure.  The  results  obtained  by  this 
method  indicate  that  the  results  obtaine<l  with  the  <'ardiometer  have  an  error  of  not  more 
than  ten  per  cent.,  an  accuracy  sufficient  for  all  experimental  purposes. 

Outflow  during  Systole, — By  this  means  Henderson  has  found  that 
during  sys^tole  the  ventricles  d<j  not  empty  themselves  with  a  rush  at  the 
beginning  of  systole,  but  that  the  outflow  continues  quite  uniform  through- 
out at  least  nine-tentlis  of  the  latter  perioil  (outlasting  the  rise  of  the  arterial 
pulse-wave)  and  begins  to  slow  only  toward  the  very  end  (slight  rounding 
of  the  crest  of  the  curve).  At  the  cessation  of  outflow  there  is  an  instant 
during  which  the  ventricular  pressure  is  falling,  in  which  nu  inflow  takes 
place,  but  this  is  only  one  or  two  hundredths  of  a  second  and  is  difficult  to 
estimate  accurately.  This  instant  corresponds  to  the  tlicrotic  notch  upon 
the  aortic  pulse-wave. 

Filling  of  the  Ventricles. — The  ventricles  then  begin  to  fill  at  a  rapid  and 
uniform  rate  until  they  are  almost  completely  distended.  If  the  pulse-rate  is 
rapifl,  the  next  systole  takes  place  before  the  filling  is  as  complete  as  possible, 
and  cutting  short  the  filling  diminishes  the  volume  of  the  heart;  not  only  the 
total  volume,  but  the  amount  of  blood  discharged  at  each  systole  (Fig.  13). 

Diastole  and  Diastasis. — If,  on  the  other  hand,  the  heart  rate  i.^  slow 
(Fig,  13),  as  after  stimulation  of  the  vagus,  the  influx  begins  at  the  same 
rate  as  before  and  continues  uniformly  for  about  two-fifths  of  a  second  (steep 
ascent  of  the  curve)  until  the  ventricles  are  distended,  after  which  scarcely 
any  blood  floiva  into  the  ventricles  no  matter  how  long  the  interval  to  the 
next  beat.  The  diastolic  period  is  thus  divided  into  two  parts;  (1)  the  phase 
of  diastole  proper  during  which  filling  of  the  ventricles  takes  place; 
<2)  the  phase  of  diastasis  in  which  little  or  no  filling  occurs.  The 
slower  the  heart  the  greater  is  the  diastolic  filling  and  the  longer  its  duration. 
The  greatest  amount  of  output  in  unit  time  occurs  at 
a  rate  which  just  allows  the  phase  of  diastolic  filling 
to  be  complete  but  in  which  the  next  beat  occurs  before  diastasis  sets 
in.    Any  rate  above  or  below  this  brings  about  some  slowing  of  the  circulation. 


Position  of  the  Valves  and  Diastole. — Baumgarten  (1 843)  has  been  able  to  demonstrate 
upon  tbe  e\-rise<l  heart  that  the  rusps  of  the  mitral  ami  tricuspid  valves  are  floated  together 
by  the  iuHux  of  I)1*mk1  amJ  ttie  valves  close  siwiiianeously  when  the  inflow  cease.H.  The 
writer  hits  btM>n  able  («  show  that  the  ocpurrence  of  diaslasis  ia  not  uecetysarily  caiw*ed  by 
the  valvea  being  cloaed,  but  by  the  fact  that  the  heart  fills  for  a  time  before  the  walle  are 
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put  upon  a  stretch,  and  then  the  pussivo  elasticity  of  the  walls  prevents  further  filling. 
If  the  venous  pressure  is  inulerially  increased,  further  increase  in  volume  then  taked  place. 
The  closure  of  the  valves  in  early  diastole  depends  chiefly 
upon  the  suddenness  both  of  the  filling  and  of  its  cessation. 

A  ver>'  pretty  and  in.structive  demonstration  of  (he  ofiening  and  closinR  of  the  heart 
valves  has  b<H?n  devised  by  J.  Gad  by  an  experiment  shown  in  Fig.  14,  A,  which  can  be 
very  nicely  performed  upon  a  sheep's  heart  as  bouRht  at  a  butcher  shop. 

The  left  auricle  is  cut  away  and  the  bowl  of  a  large  tliistle  tube  tied  in  the  place  by 
a  circular  ligature.  A  large  glass  tube  is  thrust  through  the  a<>rta  into  the  ventricle  and 
ligatured  in  place.  Both  the  thistle  tube  and  the  aortic  cannula  are  connected  with  fun- 
nels by  means  of  rubber  tubes,  and  the  chambers  of  the  heart  may  be  then  completely 
filled  with  wat^r.  The  opening  and  closing  of  the  valves  may  be  br«^^tught  about  by  raising 
and  lowering  one  or  the  other  of  the  funnel--^,  and  may  be  watched  through  the  wall  of  the 
bulb.  Insufficiency  of  the  valve  may  be  produced  by  cut  t  ing  or  stretching  one  of  t  he  chord® 
tendineae,  but  after  the  experiment  haa  been  repeateti  a  few  times  upon  the  same  heart  a 


14.— Melliodfl    for  demoostraling  the  movecneoti   of   the  heart  valves. 

Baumsartso's  method. 


A,  Qad'a  method;    B, 


oertiun  amount  of  insufficiency  usually  seta  in  spontaneously.  The  sounds  produce^l  by 
the  valves  and  blood  stream  independently  of  the  contraction  can  be  well  studied  by  plao- 
iog  the  stethoscope  upon  such  a  heart,  provided  all  the  air  has  been  removed  from  the 
cardiac  chamberB.  A  very  interesting  experimental  study  of  the  forces  involved  in  this 
diastolic  closure  has  recently  l)een  matie  by  Yundell  Header^m  rind  F.  E.  Johnson  (Heart, 
1912-1913,  iv,  69).    The  article  is  illustrated  by  excellent  photograplis  and  diagrams. 

Still  simpler  h  the  older  method  of  Haumgarten  (1843)  of  cutting  away  the  auricles 
to  expose  the  valves  and  then  ptjuring  in  water  from  a  beaker  (Fig.  14,  B). 

RELAXATION    OF   THE    HEART,    AND    TONICITY     OF   THE    CARDIAC    BfUSCLE. 

It  has  been  suppo.^d  by  some  writers  thfit  the  diastolic  (iilatation  <if 
the  heart  is  brought  about  by  some  active  nmscuhir  ct>ntraction,  since  the 
pressure  wthiii  both  ventricles  becomes  negative,  even  to  the  extent  of  -55 
mm.  Hg.  More  recent  studies,  however,  have  shown  that  this  negative 
pressure  is  probably  an  artefact,  and,  on  the  other  hand,  Newell,  Martin 

Donaldson  have  shown  that  the  heart  doi-s  not  fill  unless  there  is  a  slight 
itive  pressure  in  the  veins.  The  rigidity  of  the  walls  of  the  heart  and  the 
pressure  in  the  coronary  arteries  do  not  hold  the  ventricle  distended,  for  A.  L. 
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Prince  (Am.  Jour,  Physiol.,  1915,  xxxvii,  43)  haa  shown  that  the  ventricles 
fill  as  rapidly  at  a  coronary  pressure  of  50  mm.  Hg  as  at  one  of  275  mm.^ 
Therefore  the  heart  bae  no  suction-pump  action. 

The  heart  muscle  is  quiescent  and  the  heart  walls  are  relaxed  during 
the  entire  period  of  diastole,  so  that  neither  the  most  delicat^^  recording 
levers  nor  the  most  sensitive  galvanometers  reveal  the  siighteKt  signs  of  con- 
traction. Nevertheless,  a-s  will  be  seen,  the  degree  of  this  diastolic  relaxa- 
tion of  the  walls  varies  considerably  under  different  circumstances  depend- 
ent upon  the  tonicity  of  the  heart  muscle.  This  is  shown  by  variations  in 
the  length  of  strips  of  cardiac  muscle  under  a  constant  load,  as  well  as  by 
variations  in  the  cardiac  volume. 

Tonicity. — Tonicity  may  be  defined  as  the  resist- 
ance of  the  heart  muscle  to  stretching  in  diastole; 
or,  less  accurately,  as  its  diastolic  rigidity. 

The  force  which  stretches  the  heart  walls  in  diastole  is  the  pressure  at 
which  the  blood  enters  the  heart  from  the  great  veins,  namely  the  venous 
pressure,  so  that  with  a  high  venous  pressure  (unless  antagonized  by  a  high 
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Fia.  In. — Volume  currea  of  the  veotricles  Kt  lacreasioc  ptilae  rataa.  The  Bhadfid  ioa«  ttidicmte«  the 
KlDOuntnr  blout]  wilbio  tiiQ  favart  ftt  each  instant.  th«  nkcLchpsat  rieht  and  left  iudicaliaK  thr  aue  of  the 
heart  pictohally.  Tlve  lieht  brukea  line  indicntea  the  volume  curvo  u  it  would  appear  if  the  heart  rat« 
w«re  alow.     (Kiodneaa  o(  the  [iit«ratat«  Medical  JournaJ.  > 

tonicity)  they  will  be  stretched  considerably  (dilatation),  while  with  a  low 
venous  pres.sure  comparatively  little  blood  \vi\\  enter  and  the  heart  will  remain 
small.  In  all  cases  filling  will  continue  until  an  equilib- 
rium is  reached  between  the  venous  pressure  and 
the  cardiac  tonicity,  unless  the  heart  rate  is  so  rapid  that  the 
filling  is  interrupted  by  the  next  systole.  A  high  tonicity  will,  however, 
antagonize  a  high  venous  pressure  and  prevent  overfilling. 

Moreover,  Howell  and  Donaldson  have  shown  that  the  systolic  output 
of  the  heart  depends  to  a  great  extent  upon  the  amount  entering  the  latter 
from  the  great  veins,  and,  hence,  upon  the  venous  pressure.  If  the  venous 
pressure  falls  Ix'low  a  certain  level,  the  heart  fills  incompletel>',  and  the  ven-> 
tricles  are  unable  to  pump  enough  blood  into  the  arteries  to  maintain  the 
blood-pressure  at  the  usual  level. 

The  rate  of  filling  of  the  heart  is  accelerated  (curve  of  filling  steeper) 
(Fig.  16}  when  either  the  venou.3  pressure  is  high  or  the  tonicity  is  low;  the 

^For  a  detailed  acicount  of  the  varioue  theorje«  of  the  cardiac  relaxation,  with  full 
bibliography,  consult  E.  Ebstein,  Die  Diaatole  dea  Herzens,  ErgebniBse  der  Physiol., 
Wiesb..  1904,  iii,  2  Abth. 


filling  is  slowed  (curve  more  oblique)  when  either  the  tonicity  is  high  or  the 
venous  pressure  is  low.  So  that,  as  regards  filling  of  the  heart,  a  high  tonic- 
ity is  equivalent  to  a  low  ven:>us  prc^issure,  and  conversely,  a  low  tonicity 
is  equivalent  to  a  high  venous  pressure  (Fig.  16). 

Influences  which  affect  tonicity  may  be  studietl  objectively  in  isolated 
strips  of  cardiac  muscle  by  means  of  their  shortening  or  lengthening,  or  upon 
the  intact  heart  by  changes  in  the  volume  curve. 


vimas  PRESSURE 
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VOLUME  or 

VCNTRICLCS 

Fia.  16 — DtBgrBcn  sfaowinx  the  effect  of  var^'ing  venous  presaure*  opon  ths  voJume  of  the  bcart, 
upon  tbo  rapidity  of  filling  of  the  ventricles  (volume  curve),  and  upon  tbc  position  aMumed  by  (he  mitral 
and  tricuspid  valves  at  the  end  of  the  Bnt  inflow  into  the  v*«alri<!le».  The  fijture  to  the  left  eihowa  tho 
vulvc9  n'niiiining  open,  that  in  the  middle  shows  partial  cto«ure  (functional  stenosis),  that  upon  the  right 
complete  diastolic  closure. 


The  total  volume  of  the  heart  at  any  given  instant  may  be  regarded  as 
follows: 

Volunte  of  hcnrt  =  volume  of  heart  walls  -|-  volume  of  blooii  within  cardiac  chambers, 
Votumv  of  walls  =  volimio  of  muscle  +  coronary  blooti  -f  lymph.      (The  two  latter 

factors  vary  somewhat,  though  rolativply  slightly,  the  lymph 

increasing  consicJerably  in  cardiac  stasia.) 
Volume  of  blood  ipithin  ckambfrs  =  output  at  each  systole  +  blood  remaining  at  end 

of  systole  (residual  blood). 

Residual  Blood. — The  residual    blood    undergoes   great 
variations.    In  dilated  hearts  it  may  attain  to  several  times  the  amount 
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of  the  systolic  output  (cf.  Fig.  17),  while  in  small  hearts  it  may  be  only  fl 

fraction  of  the  latter. 

Hendereon  anti  Prince  (Am  Jour.  Physiol.,  1914,  xxxv,  116)  have  abown  that  in  t 
normal  man  the  systolic  cliscLarge  uf  the  left  ventricle  is  about  100  to  150  cubic  ceDtimetres, 

The  chanKas  in  tonicity  may  be  measured  by  the  volume  of  the  heart 
at  the  end  <if  dijistole,  i.e.,  when  Die  fiHiup;  is  most  complete,  n  hirKe  diastoliq 
volume  representiuR  low  tonicity  (when  venous  pressure  and  pulse-rate  art 
constant),  a  small  volume  indicating  a  hiph  tonicity. 

Nature  of  Changes  in  Tonicity. — Porter  has  found  that  a  strip  of  heart 
muscle  can  be  made  to  remain  elongated  (diminished  tone),  or  can  then  b€ 
made  to  remain  shortened  when  not  reeeiving  any  stimuli  whatever  (in- 
creased tone).  Several  degrees  of  this  permanent  shortening  can  be  .'super- 
posed on  one  another  with  grejit  similarity  to  the  tetanus  of  skeletal  musck 
("tetanus  of  tone,"  Porter).  Barcroft  and  Dixon  have  shown  that  the  muscle 


TONICITY    HIGH 


/ 


TOMfCfTY   NORMAL 


TONICITY     LOW 


Fjo,  17. — Diagrnm  ahowlDK  the  condition  of  the  heurt  with  vtiryin*  dogrces  of  tonicity  but  witl^ 
■ystolic  output  (amount  of  blood  forced  out  per  beat)  ourmal.  The  volumo  at  tho  end  of  diaatolo  conAtid 
tut«a  tb<s  index  of  tonicity  which,  at  the  cud  of  ayDtole,  iudieateis  tho  amount  of  nssiduttl  btoud.  Ili^ 
Tonoiu  pressunt  ha«  the  Bame  effect  oa  low  tonicity.     (Kindneia  of  the  Interatate  Medical  Journal)  | 

when  in  t<me  gives  oif  more  COa  than  when  at  rest,  further  supporting  thifl 
view  of  the  r6Ie  of  increaise  and  decrease  in  tone. 

Factors  Producing  Clianj^es  in  Tonus.— F.  B.  Hoffmann  has  demons 
strated  that  there  are  two  separate  sets  of  fibres  in  the  frog's  vagus.  One 
set  influences  the  heart-rate  only  (chronotropic  effect)  and  also  increases 
the  size  and  force  of  contraction  (augmentor  effect)  and  also  increases  the 
cardiac  tonus  but  does  not  affect  the  rate  at  all.  This  group  of  fibres  is 
found  only  in  theinteraurieular  and  interventricular  septum  (septal  nerves) 
in  the  frog.  In  other  animals  the  two  groups  of  fibres  pass  side  by  side 
and  cannot  be  dissociated,  though  it  is  frequent  in  weak  stimulation  of  the 
vagus  to  find  one  effect  occurring  without  the  other. 

P.  D.  Cameron,  in  the  writer's  laboratory,  has  found  that  in  dogs  the 
intravenous  administration  of  digitalis,  strophanthus,  nitroglycerin,  and 
calcium  salts  increases  cardiac  tonicity.     The  effect  of  small  (therapeutic) 
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doses  of  these  drugs  is  exerted  almost  entirely  upon  the  tonic  fibres  in  the 
^vagus,  and  fails  to  appear  if  the  vagi  have  been  cut  or  paralyzed  with  atro- 
pine.    Larger  doses,  however,  exert  einiilar  effects  by  direct  action  on  the 
beart  muscle.    Atropine  itself  illustrates  these  effects  by  causing  a  primary 
^depression  of  tonus  as  the  vagi  become  paralyzed,  which  is  followed  by  an 
increase  in  tonicity  from  tlirect  action  on  tlie  heart  muscle.    Potassium  salts, 
■asj)h3Tcia,  formic  acid»  adrenalin  flcpre.ss  tonicity.     Aconite  in  therapeutic 
^■doses  affc^cts  rate  more  than  tonus  in  the  dog. 

^M        Since  the  exact  volume  of  the  heart  cannot  be  determined  cUnically, 

^Bthe  area  of  the  cardiac  shadow  in  diastole  furnislies  the  best  index  of  the 

^^■tonus,  e8i>ecial]y  when  combiiit-d  with  study  of  the  venous  pressure.    Com- 

^jparatively  little  investigation  has  been  carried  on  in  this  field.    Moritz  and 

^■Dit'tlen  have  shown  that  exercise  usually  increases  tonus  in  healthy  persons. 

The  study  of  tonus  has  also  proved  of  value  in  the  study  of  exercise  antl  in 

the  controlling  of  hydrotherai)y  and  drug  treatments,  as  well  as  in  the  stu<ly 

of  myocardial  insufficiency. 

I[  ACTION  OF  THE  CARDIAC  NERVES. 

[  The  nerve  supply  of  the  heart  is  derived  from  two  sets  of  extracardiac 
perves,  the  vagi  comiecting  it  with  the  m<'dulla  and  the  so-called  accelerator 
lierves  whicli  connect  it  with  the  sympathetic  system.  These  in  turn  divide 
into  l)ranches  which  run  to  the  intrinsic  ganglia  of  the  heart  itself,  tlic  course 
of  these  nerves  and  their  relations  to  tlie  rest  of  the  central  nervous  system 
being  indicated  in  Fig.  18. 
|L  Each  vagus  and  each  accelerator  is  distributed  chiefly  over  the  corre- 

Bfiponding  half  of  the  heart,  but  the  free  anastomosis  of  the  cardiac  plexuses 
permits  the  impulses  from  one  side  to  spread  more  or  less  freely  to  the  other, 
and  onJy  occasionally  does  a  preponderance  of  effect  u^xju  one  side  of  tlie 
heart  become  evident.    (See  page  18.) 

The  vagi  contain  two  8t4s  of  fibres,  the  afferent  or  sensory  fibres,  whose 

ganglion-cells  are  located  in  the  ganglia  and  which  carry  the  sensory  impulses 

from  the  heart ;  and  the  motor  or  eardio-inhibitory  fibres,  whose  cells  are  Kjcatcd 

in  the  nucleus  and  which  carry  the  impulses  doAvn  to  affect  the  heart-rate. 

Afferent  Impulses.— As  regards  the  afferent  impulses,  the  tracings  of 

^£inthoven,  Floliil,  and  Rattaerd  huve  deinonstrated  that  a  wave  of  electri>- 

^fciegativity  j)a>;ses  upward  at  each  lK'art-t)oat  similar  to  the  slower  negative 

^■ivave  which  accompanies  each  re.Kpiration  (see  page  213  and  Fig.  125).    The 

^^lature  of  the  afferent  impulses  and  their  relation  to  cardiac  symptoms  are 

di8eu9.s<Kl  on  pages  2Ki  and  214. 

Efferent  Impulses. — The  efferent  impulses  which  pjiss  down  the  vagi 

)•  are  of  vai'ious  type^-.:  (1)  Cardioinhibitory,  which  slow  or  stop  the  heart- 
fceat  by  preventing  the  genesi-s  of  cardiac  impulses.  (2)  Negatively  dromo- 
tropic,  which  depress  conductivity  either  by  action  on  the  His  bundle  or  by 
deprpssing  the  irritability  of  the  ventricles  themselves.  (3)  Impulses  which 
affect  tonicity,  sometimes  depressing,  sametimes  increasing  it.  As  Cameron 
^^has  showi,  paralyzing  the  vagi  with  atropine  prevents  tln>  tonus  changes 
^fcresulting  from  the  administration  of  most  drugs. 

^^  Right  and  Left  Vagal  Effects. — Like  the  accelerators,  each  vagus  acts 
apon  the  correspontUng  side  of  the  heart,  and  certain  differences  between 
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the  action  of  the  two  vagi  seem  to  be  dye  to  this  localized  action.  In  a  series 
of  experiments  performed  by  the  UTiter  in  eollaboratioii  with  Dr.  H.  A. 
Stewart,  in  which  the  left  vagus  was  the  nerve  usually  stimulatetl,  it  was  noted 
that  vagal  heart-block  was  produced  with  great  frequency,  and  often  over- 
fihadowed  the  inhibitory  effect  upon  the  auneles;  whereas  in  most  physio- 
logicat  experiment's,  in  which  for  greater  convenience  the  right  vagus  is  used, 
the  inhibition  predominates  and  the  l^lock  is  al>sent.  Drs.  G.  C.  Robinson 
and  Draper  have  recently  obtained  similar  r€'t>ults  from  pressure  on  the  vagi 
in  man.    The  right  vagus  usually  slows  the  heart,  the  left  induces  block. 
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Fig.  18. — Oricii]  and  course  of  Oie  ourdUc  oerveB,  and  cutaneous  distribution  of  the  carrenpondinK 
branches.  (Schemjitic:  modified  from  DoucU«  Powell  and  Gibson.)  J^OT  SENS,  nuclei  of  th«  eCTereut 
(motor)  and  afferent  (sensory)  fibres  of  the  vb«u»;  C  1.2.3.4.5,0.7.8.  and  7  1.2.3.4,6,0.7.8. 
cervical  and  thoracic  (dorxaJ)  vpinal  aervee  and  their  cutaneoua  dJHtribution;  8CG,  MCO,  ICG,  Hupsrior, 
middle,  and  inferiur  cervicai  gaaetiii;    REC  LAB,  recurrent  laryngeal  ncr\e;    C  PL,  cardiac  plexus. 


A  very  extended  series  of  experiment-a  has  recently  been  performed  by 
Gairey  ui>on  the  heart  of  the  turtle.  Garrey  has  found  that  when  the  vagi 
are  stimulated  with  very  weak  stimuli,  only  the  corresponding  side  of  the 
heart,  is  affeek'd,  l/ut  if  tlie  stimulation  is  stronger  it  afifects  both  sides,  the 
impulse  then  crossing  to  the  other  side  of  the  heart  witliin  the  cardiac  plexus. 
The  right  vagus  inhibits  because  it  acts  upon  the  right  precaval  and  post- 
caval veins  and  the  sinus  which  under  ordinary  circumstances  beat  twice  as 
fast  as  the  veins  od  the  left  and  are  the  *'  pacemakers  "  of  the  heart;  but  if 
the  right  veins  are  slowed  by  cooling  and  the  left  veins  accelerated  by  warm- 
ing, the  left  side  of  the  heart  may  become  the  "  pacemaker,"  and  weak  stimu- 
lation f )f  the  left  vagus  now  produces  slowing  of  the  rate  instead  of  block. 
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Accelerator  and  Sympathetic  Nerves. — AH  the  branches  of  the  cervical 

and  the  iippcj-  four  thorjicic  nervos  give  off  rami  coniniunicantes  which  pass 

lo  tlitt  cervical  ami  stellate  gauglia.     From  these  ganglia  branches  pass  out 

[own  along  the  arteries  and  vena  cava  t«  the  heart,  constituting  the  second 

group  of  extracariiiac  nerves — the  so-calletl  accelerator  nerve.s. 

Pawlow  has  sho^Mi,  however,  that  this  action  is  not  common  to  all  the 
^branches  of  those  nerves,  but  is  very  much  more  marked  in  the  case  of  the 
fright  than  of  the  l<'ft  annulu.^  of  Vieusseus,  probably  because  it  supplies  the 
sinus  region  of  the  heart.    This  fact  has  been  confirmed  by  Bayhss  and  Star- 
ling, Reid  Hunt,  and  others. 

Rothl^erger  and  Winterberg  studied  these  effects  with  the  electrocar- 
diograph, and  from  the  form  of  the  latter  were  able  to  demonstrate  that: 

1.  Acceleration  of  the  heart  is  a  function  of  the  right  accelerator,  or 
right  annulus  of  Vieussens,  probably  because  its  fibres  are  distributed  chiefly 
to  the  nigion  of  the  embryonic  sinus  (sino-auricu!ar  node  of  Keith  and  Flack 
and  neighlx)ring  regions). 

b         2.  Stimulation  of  the  various  branches  of  the  right  cervical  sympathetic 

'gave  rise  to  an  electrocardiogram  typicid  of  overaction  of  the  right  ventricle, 

and,  conversely,  stimulation  of  the  left  cervical  sympathetic  branches  gave 

rise  to  electrocardiograms  with  inverted  R  and  T  waves  indicating  overaction 

of  the  left  ventricle. 

3.  Stimulation  of  certain  cardiac  branches  of  the  left  cervical  sympa- 
'thetic  gave  rise  to  simultaneous  contractions  of  tlie  auricles  and  ventricles, 
by  causing  impulse  to  arise  in  the  atrioventricular  bundle  (nodal  rhythm, 
cf.  page  118),  with  or  without  the  occurrence  of  tachycardia. 

Tonic  Action  of  the  Vagi  and  AcceJerators. — The  recent  studies  of  Ep- 
pinger,  Falta,  and  their  collaborators  have  shown  that  in  many  pathological 
and  borderline  conditions,  especially  those  in  which  there  is  a  disturbance  in 
the  glands  of  internal  secretion,  there  is  also  an  alteration  of  the  balance 
which  nortnally  exists  between  the  autonomic  (vagi,  phrenic  and  splanchnic) 
and  the  sympathetic  nervous  system;  so  that  sometimes  the  influence  of  the 
former  predominates  (vagotonic)  and  sometimes  the  latter  (syrapathicotonie). 
Many  cases  of  hyperacidity,  bronchial  asthma,  ulcer  of  the  stomach,  and  cer- 
tain forms  of  tuberculosis  show  manifestations  of  overaction  of  the  vagi ;  while 
Basedow's  disease  and  its  formes  frustes,  as  well  as  certain  cases  of  diabetes 
mellitus,  represent  t>T>icai  examples  of  overaction  of  the  sympathetic  system. 

In  some  conditions  there  occurs  overaction,  in  others  underaction,  of 
both  systems  simultaneously.  Eppinger,  Hess  and  A.  H.  Hopkins  have  given 
the  following  tabulation  of  tonic  nerve  effects: 


^PupB 


Vicotonio 

Contracted 

Fan ...Flushed 

Skin Moist 

Eyeballs Sunken 

Mouth Salivated 

BroDchi Tendency  to 

a«thma 

Cardia Contracted 

Stomach Contracted 


SytDpntbico- 
tonie 

Dilated 

Pale 

Dry 

Prominent  (ex- 
ophthalmufl) 
Dry 


Relaxed 
Relaxed 


VBffolronie 

Stomaeh Pylorospasm 

Intestine Diarrhcca  or 

Bpaatic  con- 
stipation 

Pulae ..Slow 

HCl  secretion . .  Increiiaed 

Glycosuria Diminished 

Bladder Contracted 

EofliDOphilea .  .  .Increased 


SympAtbioo- 
tome 

Atonic 

Staaifl 


Accelerated 

Diminished 

Increaaed 

Relaxed 

Decreased 
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Patients  in  whom  there  is  overaction  of  the  vagi  show  particularly 
mark(xJ  effects  from  the  administration  of  fitropine  (1  mg,,  gr,  1/60.  sub- 
cutaneously,  in  men;  0.75  mg.,  gr.  1  '75,  in  women)  iin<l  pilocarpine  (10  mg., 
gr.  1,  <i,  subcutaneous!}',  in  men,  7.5  mg.,  gr,  18,  in  women).  Those  with 
overaction  of  the  sympathetic  are  particularly  sensitive  to  adrenalin  (1  cc, 
15  minini!^,  of  the  1/1000  solution,  equal  to  1  mg.^  gr.  1/  GO,  of  the  crystalline 
substance,  .subcutaneously,  in  men;  0.75  cc,  12  minims,  in  women). 

Cardiac  Plexus. — The  intrinsic  nerves  of  the  heart  exist  in  the  form  of 
a  plexus  or  plexus  system  grouped  especially  around  the  coronary  vessels 
and  their  branches. 

The  simplest  form  of  intrinsic  nerve  supply  is  seen  in  the  frog  tadpole, 
where  it  has  been  studied  by  His,  Jr.  This  observtT  found  that  the  first 
ganglia  pass  out  toward  the  heart  as  outgrowilis  from  the  vagosympathetic 
chain  and  lie  on  each  sitle  of  the  pulmonary  vein,  along  whieli  they  gradually 
wander  to  tlie  heajt  and  come  t^)  lie  between  the  layers  of  the  int<?ruurieular 
septum.  A  second  group  of  ganglia  ari.ses  from  the  sevcalled  intestinal  branch 
of  the  vagosympathetic  nerve  anil  follows  the  superior  vena  ca\"a  domi  into 
the  heart  to  the  sinus  venosus,  where  it  lies  cUjsp  to  the  pulmonary  vein  and 
anastomoses  witli  the  pulmonary  plexus  described  alx)ve.  This  group  of 
ganglion-eel  Is  forms  the  sinoauriculur  ganglion  first  deserilx'tl  by  Hemak  in 
1848.  From  this  ganglion  tlie  cells  wander  further  dowm  the  sejituni.  form- 
ing the  two  septal  nerves  of  Ludwig  (1848),  and  each  of  these  in  turn  ends  in  a 
ganglion  (descrilwd  by  Bidder  in  1852)  at  the  auriculoventricuiar  junction. 
From  Bidder's  gangha  one  set  of  fibres  passes  dowTi  over  the  entlothelial 
surfaces  of  the  valves,  to  distribute  themselves  among  the  musele-fil>res  of 
the  ventricular  walls;  another  passes  over  between  the  auricles  aiul  the  bul- 
bus  and  distributes  itaelf  to  the  region  of  the  bulbus  and  the  walls  of  the  auri- 
cles and  ventricles. 

F.  Hoffmann  has  cut  these  nerves  away  from  the  rest  of  the  vagi  and 
shomi  that,  while  stimulation  of  the  vagus  fibres  passing  to  the  simis  and 
auricles  caused  slowing  or  stoppage  of  the  heart,  stimulation  of  the  septal 
nerves  caused  no  cimnge  in  rate,  but  did  cAUse  an  increa.se  in  the  force  of  the 
ventricular  beat  and  in  the  tonus  of  the  walls  (inotropic  effect). 

An  observation  made  by  Cameron  in  the  writer's  laboratory  has  ren- 
dered it  probable  that  similarly  distributed  filjres  are  present  in  the  mamma- 
han  heart;  for  he  found  that  sub.stances  (digitalis,  strychnine  and  potassium, 
calcium)  which  cau.^'  increa.se  or  diminution  in  the  tonus  of  the  ventricular 
muscle  of  the  intact  heart  no  longer  exert  these  effects  in  small  doses  when 
tlie  vagi  are  paralyzed  with  atropine. 

Both  vagi  and  accelerators  are  normally  in 
tonic  activity.  Reflex  quickeuiiig  of  the  pulse-rate,  as  from  emotion, 
pain,  sensation,  and  other  reflex  causes  (Reid  Hunt),  and  moderate  exercise 
(Hcring  and  Bowen),  is  due  partly  to  diminution  of  tonic  activity  of  the 
vagi,  ijartly  to  direct  stimulation  of  the  accelerators  (Hooker);  while  the 
acceleration  after  violent  exercise  is  ilue  to  stimulation  of  the  accelerators 
(Hering,  Bowen).  Acceleration  upon  mihl  exercise  can  also  be  obtained  in 
patients  whose  vagi  are  made  inactive  by  0.5  to  1.0  mg.  (yV^  to  A  gr.) 
atropine  (Hirschfekler).  On  the  other  hand,  exercise  caused  no  accelera- 
tion but  a  slight  slowing  of  the  pulse  in  a  dog  from  which  Friedeathal  had 
removed  all  the  cardiac  nerves. 
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The  mode  of  action  of  the  cardiac  nerves  has  been  shrouded  in  mystcn',  oapecially 
that  of  the  inhibition  by  the  vagus.  Howell  and  Duke  in  a  most  briHiant  series  of  researches 
havcshown  that  potassium  is  given  off  from  the  heart  muscle  and 
can  be  found  in  increased  quantity  in  thft  perfusion  liquid 
after  the  vagus  has  been  stimulated.  Controls  wiMiout  vngus  stimula- 
tion show  no  such  increase.  It  would  therefore  appear  that  vagus  inhibition  is 
a  true  potassiura  effect,  a  fact  further  borne  out  by  tfie  dose  analogy  l^etween 
the  action  of  this  element  and  stimulation  of  the  va«us,  as  well  aa  by  the  marked  increase 
in  the  action  of  the  vagus  after  the  administration  of  large  quantities  of  potaasiunj  or  after 
increj3u^e  of  potassium  in  the  blood. 

These  observers  were  unuble  to  demonstrate  any  effect  of  the  accelerators  upon  the 
liberation  of  calcium,  poiassimn,  or  nitrogen. 

In  order  to  explain  the  act  of  itdiibiliuri,  Erhinper  han  suggi'sied  the  very  ingenious 
theory  that  the  motor  imimlses  for  the  canliac  contrartion  arise  in  the  vagus  itself-  These 
impulses  he  supposes  to  arise  at  the  normal  rate  of  discharge  of  nerve-cells,  namely  10  to 
50  per  second,  to  some  but  not  all  of  which  the  heart  responds  wil  h  a  contractitm.  When  the 
vagus  is  stimulated  the  rate  of  impulses  berf)nj<*3  faster  anci  the  imjiulses  become  smaller, 
and  the  heart  res[x)nd3  to  fewer  nerve  impulscii,  with  corrcsi>onding  slowing  of  the  rate. 
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BLOOD-PRESSURE  AND  BLOOD  VISCOSITY. 

THE  BLOOD-PRESSITIE  IN  HEALTH  AND  DISEASE. 

Definition. — The  l»lood-pressiii-e,  or  "  arterial  tension,"  is  tlie  pressure 
which  the  blood  is  exerting  u]>on  the  walls  of  the  vt-ssrl  in  which  it  is  to  he 
measured  (lateral  pressure),  or  upon  the  eolumu  of  blood  ahead  of  it  in  the 
direction  in  which  it  is  flowing  (end  pressure). 

The  end  pressure  is  equal  to  lateral  prfssui*o  -f  volocity  head,  but  as  a  rule  differs 
by  only  ji  few  inillimctrea  from  the  lateral  pressure.  The  end  presjiurn  in  the  bmnch  of  a 
vessvi  is  equal  to  the  lateral  pressure  in  the  vessel  from  wliich  it  briiuehesi. 
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Fig.  19. — Chirve  of  intraventricular  and  aortic  pte«wures.  (After  Huerthle.)  .4,  aortic  prwsure: 
V,  intraventricular  prevure;  D,  curve,  taken  with  a  differeutial  manometer,  abcnrinc  the  diHereoce*  of 
|>reuure  between  left  ventricle  and  aorta. 


Pressure  within  the  Left  Ventricle. — It  is  evident  that  in  a  system  of 
elastic  tubes  like  the  arteries,  the  pressure  of  the  blwid  in  any  sequent  of 
artery  is  brought  about  by  th(»  tendency  of  the  inflow  (fr«jm  the  heart)  to 
remain  in  excess  of  the  outflow  tlirou^h  the  capillaries.  The  inflow  to  the 
arteries  is  maintained  Ijy  the  pumping  action  of  the  heart,  that  is.  hy  the 
intraventricular  pressure  during  systole.  As  shown  by  Huertlilc  and  Porter, 
the  pressure  within  the  ventricle  remains  tolerably  constant  throughout 
systole  and  takes  the  form  of  a  plateau  more  or  less  independent  of  the  ]iylse 
curve  in  the  aorta  (Fig.  19),  though  the  floor  of  the  plateau  siopes  down- 
Wiird  with  peripheral  dilatation  and  upward  with  constriction. 

If  the  systole  is  too  weak  to  open  the  aortic  valves,  and  the  heart  con- 
tracts without  change  in  volume  (isometrically),  the  curve  does  not  remain 
a  plateau,  iiut  has  a  rounded  apex  like  that  of  the  isometric  contraction 
of  skeletal  muscle.    The  pressure  within  the  ventricle  when  the  aortie  valves 
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are  open  is  .slightly  in  excess  of  that  witliiii  tlic  aorta,  that  is,  very  little  above 
the  maximal  pressun^  as  measured  in  the  latter,  and  it  remains  at  this  height 
until  the  end  of  systole,  when  the  aortic  valves  close. 

Huerfhle  and  others  have  showii  that  the  infraventrieular  pressure  is  not  alwaya 
constant  throughout  systole,  but  that  when  the  peripheral  restBtanco  \a  very  low  it  faUs 
towanl  the  end  of  Bystole,  while  if  the  peripheral  resistance  is  very  high  it  riaea  toward  the 
end  of  systole. 

The  Maximal,  Minimalf  and  Pulse  Pressures. — Accordingly,  when  the 
aortic  valves  open  (.07  to  ,09  second)  after  the  beginning  of  ventricular 
systole  (see  Fig.  13,  page  12),  the  pressure  in  the  aorta  soon  rises  to  its  m  a  x  - 
i  m  u  m  ,  and  from  that  time  until  the  begirming  of  the  next,  systole  it  dimin- 
ishes more  or  less  gradually  as  the  excess  of  blood  flows  out  from  the  arterial 
tree  through  the  capillaries  and  into  the  veins.  The  minimal  pressure 
is  reached  just  before  the  beginning  of  the  next  systole.  The  pulse-pres- 
sure is  the  difference  between  the  maximal  a  n  tl 
minimal   p  r  e  s  s  u  r  e  8. 

Characteristics  of  the  Pulse. — It  is  evident  that  the  maintenance  of 
the  circulation  depentls  upon  the  head  of  pressure  in  the  arteries,  and  accord- 
ingly much  attention  was  paid  by  the  older  clinicians  to  the  "  arterial  ten- 
fiion  "  and  the  *'  quahty  of  the  pulse,"  wliich  they  thought  were  manifesta- 
tions of  it.  The  arterial  tension  w^as  judged  l>y  the  force  necessary  t^J  obliterate 
the  pulse  at  the  wrist  when  the  fingers  are  pressed  upon  the  radial  artery. 

A  Btill  more  accurate  method  of  feeling  the  pulse  ia  to  empty  the  artery  for  u  few 
centimctrea  by  "milking"  out  the  blood  with  two  fingers  of  one  hand,  while  obliteniting 
the  artery  above  the  wrist  with  the  fingers  of  the  other  hand.  The  pressure  of  the  latter 
is  then  gradually  diminiahetl  until  the  return  of  the  pulse  is  felt,  this  jKiint  marking  the 
maximal  or  eyHtolir  pressure.  By  careful  training  of  the  aciisalioii.H  and  comparing 
the  observation  with  the  results  of  a  pood  sphyKmomanometric  determination  made  at 
the  same  time,  a  great  degree  of  skill  in  judging  pressures  may  be  attained;  one  of  the 
writer's  teachers,  who  has  cultivated  this  perception  to  a  remarkable  degree,  voices  the 
general  experience  in  miying,  "I  eau  estimate  the  btood-pressiire  with  the  fingera  alone 
quite  aeeurately  in  about  eight  cases  out  of  ten,  but  those  in  which  it  is  of  real  importance 
are  always  the  other  two." 

The  minimal  pres-^re  may  also  be  judged,  but  even  less  accurately,  by  estimating 
the  amount  of  pressure  at  which  the  aize  of  the  pulse  just  begins  to  decrease  as  one  raises 
the  pressure  in  the  artery. 

Determination  of  Maximal  Blood=pressure, — Instruments  for  deter- 
mining the  blood-pressure  date  from  ISo;"),  when  K.  Vierordt  determined 
the  weight  that  could  be  placed  over  th*'  radial  artery  before  the  pulse  was 
obliterated. 

Marey  (1876)  devised  the  first  useful  apparatus  for  estimating  the  hlood-pre.<wvire  in 
man.  He  placed  the  hand  in  a  plethysniograph  connected  with  a  bottle  for  raising  the 
pressure  and  a  sphygmoscope  tambour  for  recording  the  nize  of  the  pulse-waves.  He  states 
(1878)  that  the  maximal  prcHsure  may  be  determined  a.s  the  point  where  the  piilsation 
disapj>ears,  the  minimal  as  the  point  where  the  oscillations  are  largest.  It  i-s  worthy  of 
note  that  Marey  was  twenty-five  years  in  advance  of  the  times,  and  that  his  methods 
and  eonclu-sinns  are  almost  exactly  those  of  (he  best  modern  methods  (Erlanger  and  v 
Reeklinghaus<'n).  Unfortunately,  the  work  of  Marey  was  little  known,  and  the  first  appa- 
ratiis  to  attain  general  use  was  that  of  v.  Basch  (1887).  Unlike  Marey,  v.  Basch  studied 
only  the  maximal  pressures,  but  much  good  pioneer  work  was  done  with  this  instrument. 
It  consisted  of  a  email  rubber  bulb  filled  with  water  and  communicating  with  a  mercury 
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manometer.  Tlie  bulb  wms  pressed  upon  the  radial  arter>'  until  tlie  puLne  below  ir,  waa 
obliterated,  and  the  pressure  necessary  was  read  off  upon  the  manometer.  W  lia.seh  inofli- 
I  fied  the  apparatus  later  by  using  a  spring  inaaoractcr,  and  Potain  substituted  air  for 
water  in  the  bag  with  an  aneroid  barometer. 
This  method  is  still  ahnost  universal  in 
France,  but  the  possible  error  with  v.  Basch's 
as  well  AS  Potain 's  methotls  is  aa  much 
as  78  mm.  Hg  (Tigerateiit). 
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Fio.  20. — Dingrom  •howins  the«  cffwt  of  com- 
pre«Aion  upon  nrteriou  of  vkrioue  types.  A,  nor* 
mal;  B,  hyperlroplued  mcdJu  ;  C,  »tboroixiatou». 
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Fjo.  21. — Typea  of  manometer  um<1  for  determiaing  blood-pre««ure. 

However,  Marey   {I .  c ,)   had  shown  that  the 


maximal 
when  the  pressure  about 
pressure  within    the     ar- 


pulse-wave  was  obtained 
an  organ  was  equal  to  the 
tery  supplying  it  (i.e.,  the 
minimal  prt^ssuie — Howell  and  Bru.sh). 
Modern  methods  for  the  clini- 
cal study  of  blood-pressure  depend 
upon  the  obliteration  of  tiie  pulse 
in  the  brachial  artery.  This  was 
first  accomplished  by  Riva-Rocci 
(1896)  and  Hill  and  Barnard  (1897), 
who  compressed  the  upixT  arm  by 
inflating  a  rubber  bag  which  was 
wrapjjed  around  the  arm  with  a 
wide  silk  bandage  (Hiva-RiH-ci)  or 
a  leather  cuff  (Hill  and  Barnard). 
When  the  bag  is  inflated  at  a  pres- 
sure above  the  maximal  pressure  in 
the  artery,  the  walls  of  the  latter 
collapse  and  the  radial  pulse  at  the 
wrist  disappears  (Riva-Rocci).  The 
pressure  of  the  air  in  the  bag  is 
raeasm-ed  off  on  a  manometer  and 
read  in  millimetres  of  mercury  (Riva-        r.     „„    ,^ .         u,    .. 

T.,         .,  .  ^-        i  r  j^         ,  FiQ.  22. — KrlnnKffr  bIood-pr(*»^re  apparatuii 

KOCCI)  or    m    centimetres  of    water  (v.    with  UiwclifeWer  polygrapb  Bttachm«Mt.     (Kind- 

Recklinghausen). '  ""  °^  Sehndder  Brrw.) 

'  R.  Mohr  (Muenchen.  med.  Wchnschr.,  1912,  lix,  759)  cites  a  case  of  thrombosis  of 
the  ann  veins  following  compreasioD  with  Bphygmomanometer  cuff. 
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Sourcea  of  Error  in  the  Comprossion  of  the  Artery . — 
Even  with  wide  cuffs,  however,  the  pressure  in  the  cuinpn^sinR  bag  may  be  somewhat 
grenter  than  that  within  the  artery;  alfhoiigli,  as  v.  ReckHnghuusen  ami  Juncway  have 
shown,  the  soft  tissues  of  the  limb  do  not  play  any  rule  in  bringing  tliis  about,  unless  the 
tnuselea  are  being  actively  rontracled  or  the  limb  is  a'dtTiiatous.  Either  of  thejM-i  coinlitions 
may  introdu<'e  a  <.'on«iderable  error.  Tnder  onlinary  eireunistanees,  however,  the  chief 
source  of  error  lies  in  the  tone  of  the  arterial  wait.  V.  Basch 
and  Martin  and  Scholtyssek  and  Sclxniidt  found  that  1-7  mm.  Hg  was  sufficieot  to  collapse 
the  normal  artery  coinijletely, 

W.  Huiisell,  on  the  other  hand,  claims  upon  purely  physical  grounds  that  the  thick- 
ness and  terms  of  the  arterial  wall  may  greatly  increoM?  this  disrrcpimc^',  and  that,  since 
an  artery  may  ajntract  to  one^third  its  original  diameter,  its  wall  may  thicken  and  the 
resistance  to  compre-snion  may  increase  in  a  corresjxjnding  degree.  Tlii.s  claim  has  been 
substantiated  by  the  experiments  of  Ilerringham  and  Wamack  and  Janeway  aud  Park. 
The  latter  have  shown  upon  the  excise«l  artery  that,  when  the  wall  of  the  vessel  (htiman 
and  ox  carotid  arterj')  is  thrown  into  a  state  of  constriction  by  painting  with  epine[ihriii 
or  bariutn  chloride,  it  was  necessary  to  obtain  an  excess  of  pressure  aniotmtiug  sometimes 
to  30  mm.  of  mercury  in  order  to  obliterate  the  lumen.  To  eotla]it»e  a  lx»ited  artery  104  mm. 
Hgwasnece.ssary.  MacWilUamand  Kessson  (Heart,  IIH  2- 19 IH,  iv,U79)  report  similar  result*. 

All  these  observations  furnish  su[>port  to  HusscH's  claims  that  within  certain  UiiutK 
the  sphygmomanometer  ma\'  record  "not  blood-pressure,  but  arterial  resistance' 

Tlji.'<  source  of  error  is  common  to  all  the  present  methods  for  the  clinical  determina- 
tion of  blood -pressure^  and  it  must  always  be  borne  in  mind  in  interpreting  the  results 
obtained;  although,  it  must  be  confessed,  the  magiiilude  of  the  error  cannot  be  e»tim»ted 
in  any  individual  case.  It  is  greatest  in  thickened,  leathery  arteries  of  smull  cMlihre,  least 
in  arteries!  which  are  large  and  dilated,  and  it  may  jxissiMy  account  for  much  of  the  h,vper 
tension  recordetl  in  arteriosclerosis  and  nephritis  as  well  as  for  the  apparent l.v  tremendous 
changes  rii  pressure'  recorded  when  the  arteries  pass  from  relaxation  to  constriction  with 
the  onset  of  the  va.scular  crises  (p.  368). 

Hoover  baa  also  shown  in  man  that  immersion  of  one  arm  tjf  a  normal  niim  in  ice- 
waler  may  cause  the  blood-f)res!?ure  recorded  in  that  arm  to  appear  rt5  much  tm  I. SO  mm.  Hg 
higher  than  that  recordetl  .simultaneously  in  the  other  arm.  IVIa« William  and  Keason 
report  differences  of  30  to  00  mm.  Hg  l)etwecn  the  two  arms. 

.■\ltheromatou.'3  or  calcified  plaques  may  also  pnwent  the  complete  coUafwe  of  the 
artery,  as  v.  Recklinghausen  hn.s  claimed;  but  Janewa}'  and  Park  have  shown  such  [)laquea 
are  rarely  continuous  for  more  than  one  or  two  centimetres  of  the  Itmrcn;  an<l.  nince  they 
do  not  afTect  the  compression  c»f  the  veaael  elsewhere,  they  do  not  mcrease  the  reading  as 
much  as  does  mere  vaaocotistriction. 


GRAPHIC   METHODS   FOR  THE   DETERMINATION   OF  H.\XIMAL  AND  MINIMAL 
BLOOD-PRESSURE   IN   MAN. 

Erianger's  Sphygmomanometer. — The  first  and  most  accurate  of  the 
modtTii  inntrunu'iits  for  iho  |>jap]iic  recordino;  of  both  maximal  and  minimal 
bbod-prcs.surcs  Ava.s  that  of  Erlan^er.  It  is  coiLstmctod  upon  the  same  gen- 
eral principles  its  the  original  apparatus  of  Marey,  but  the  pulse-wave  la 
obtained  from  a  v.  Recklinghaasen  brachial  cuff  iiiLStead  of  a  haiul  piethys- 
magraph.  It  dififers  from  the  ordinary  apparatu.s  of  the  Kiva-Rocci  type 
with  broad  v.  Recklinghausen  cuff  only  in  the  fact  that  hy  means  of  a  T-tube 
the  cuff  is  coimectiKl  also  wth  a  rubber  pressure-bag  in  a  gla.s8  ease.  The 
oscillations  of  pressure  in  tlie  cuff  arc  thus  communicated  to  the  pressure 
bag,  and  the  oseillatiou.s  of  this  bag  are  comuiunicat^d  to  the  air  in  t!ie  glass 
case  aroimd  it,  and  are  recorded  by  the  movements  of  a  Marey  tambour 
upon  the  smoked  paper  on  a  small  drum.  He  is  also  able  to  let  the  pressure 
flow  out  very  slowly  by  a  series  of  capillary  outlets  of  different  bores.  A 
comphcated  etoi>cock  allows  any  of  these  to  be  used  at  will. 
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In  using  the  Erlangpr  apparatus,  one  turns  the  stop-oock  to  the  ptiint  market!  " In," 
then  raises  the  pressure  in  the  bag  to  well  above  the  maximum  arterial  pressure,  and  turns 
the  stop-cock  to  the  point  marked  1  or  2,  which  corresiwnds  to  capillary  outlets  of  different 

rflioes.    The  pressure  in  the  Fiag  falJa  graduaJly,  anil  srxtn  aniall  osjillaiions  of  the  lever  are 
_  a,  due  to  the  impact  of  the  compressed  artery  upon  the  upper  marjfin  of  the  bag.    A 

'^BOddon  increase  in  the  size  of  these  wavelets  soon  takes  place  and  marlcs  the  maximal 
pressure,  which  is  read  off  on  the  manometer;  it  is  junt  n  trille  below  the  maximal  pressure 
that  the  first  pulse-wave  passes  completely  through  under  the  cuff  and  causes  tiie  larger 
wave^  upon  which  abo  a  small  shoulder  is  usually  seen.  Below  this  point  the  oscillations 
continue  to  increase  in  size  and  then  to  de- 
crease, the  manometer  beinj?  watched  all  the 
while.  The  point  at  which  the  oscillations 
are  maximal  is  the  minimal  or  dias- 
tolic blooti-preasure.  Sometimes,  eispecially 
in  arteriosclerotics,  the  oscillations  decren.<«« 
a  little  an<l  then  again  increase  at  about  10 
mm.  Inwer  pressure.  In  that  cu.^e  Ei'lanK;or 
has  shown  that  the  lower  point  or  second 
maximum  of  oscillations  \s  the  one  cor- 
responding to  the  minimal  pres.sure. 

In  order  to  keep  these  records  penna- 
nent,  Fontaine  marks  off  on  the  drum  thi' 
points  wliich  coiTespond  to  each  fall  of  5  or 
10  mm.  Hg  in  the  manometer.  These  marks 
are  made  by  means  of  one  of  the  tambours 
upon  the  poIygra])h  (Hirschfelder)  attachment 
which  is  caused  to  vibrate  by  8(juee2ing  a  small 
pipette  inserted  into  the  long  rubber  tube. 

This  apparatus  luus  bwn  carefully  tested,  both  up^on  animals  and  upon  mechanical 
models,  and  has  been  shown  to  give  accurate  rewults.  Of  course  it  cannot  be  used  unless 
the  muscles  of  the  arm  are  at  rest,  but  neither  can  any  other  sphygmomanometer,  without 
introducing  a  large  error.    The  readings  obtained  in  determining  both  maximal  and  mini- 
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Fio.  23. — AuMultalory  nifthod  of  dptertnin- 
inK  bl(M>d-prv«8iiri>.  as  uskhI  with  the  (}|iv«r  ap- 
paratus.    (KiadncM  of  Uawksley  atid  Son.) 


mal  pressures  in  arteriosclerotics  are  too  high, 
but  this  error  is  also  universal  and  at  present 
unavoidable.  At  titries  llie  .systolic  infre.'use 
in  size  'ia  not  sudden,  but  this  can  usually  be 
remedied  by  pressing  the  lever  a  little  more 
tightly  than  before  against  the  drum.  Occa- 
sionally a  larger  or  smaller  capillary  outlet  is 
required  and  these  rnay  be  reailju.'?led,    The 


^V  Fia.  24a. — Diagram  ahowinK  armn«fmciit  cifErUnstT  upparuJ us.     (AfUsr  Uuwetl.) 

^P  Fio.  24b. — Curve  taken  with  Ihc  Erianger  blou<J-i>rir*ur..-  ut){iarutU!<,  showing  the  pointa  of  maxiiaal 

^*     &nd  miaimul  prc»iurc. 

readings  obtained  by  Erlanger's  method  are,  as  a  rule,  about  5  mm.  higher  for  the  maximal 
(Bystoiic)  pjetwurc  than  by  the  broad  cuff  Riva-Rocci,  and  for  the  minimal  (diastohc) 
within  about  5  to  ItJ  mm.  of  the  n-adings  by  the  method  of  Msxsing  and  ,St nusburger  as 
modified  by  the  writer  (Hirschf elder,  al«o  Crush).  Erlanger's  methwi  gives  result.s  suffi- 
ciently unequivocal  to  form  the  baais  for  a  research,  although  the  other  methoil  is  often 
quite  satisfactory. 
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Uskoffs  Sphjgmoloiioinetcr. — I'skoff  has  devitied  a  slight  modificution  of  this  in»tt 
mcnt  in  which  t  tic  sphygmomanotncUT  and  the  Jaquct  curdiosjjljyM^i^Kniph  ttre  combined*^ 
It  is  BnirtlliT  and  mure  comfmcL  than  tlie  original  iiwtniinent  of  Erliinger,  and  b  provided 
with  an  excellent  tirni^inarki-r.  The  absolute  bltKxI-pri's.'^ure  is  recortletl  automatically  by 
means  of  a  float  upon  the  mercury  manometer.  The  rod  extending  upward  from  the  flort^l 
contains  perforations  corresponding  to  milliraetrea  of  mercur\\  As  each  perforation  paaaei^l 
the  top  of  the  manometer  bulb  it  is  caught  by  a  pin  projr-cting  from  a  tambour,  whirh 
registers  upon  a  second  t  Jimbtiur  by  air  transmission.  Every  five  millimetres  a  wider  mark 
is  made.  Knowini^  the  stiU-linK-point  the  absolute  pressure  corresponding  to  each  pulsa- 
tion is  easily  ascortaineil  aird  the  record  thus  made  [wrmanent.  Erlanger,  however,  has 
shown  that,  owing  to  the  construction  of  the  pressure  bulb,  it  is  not  as  accurate  as  hia 
instrument. 

The  polygraph  tambours  and  time-marker  are  those  of  the  Jaquet  cardiosphygmo- 
graph,  and,  though  not  of  the  greatest  delieacy,  they  are  quite  sulisfactory  for  genera!  use. 
As  a  combined  instrument  the  Uskoff  apparatus  thus  presents  oumy  excellent  features. 

Gibson  (19()7J  and  iSalili  (sphygmobolometer,  1VH)7)  record  the  pulsations  in  the  cuff 
directly  by  the  movement  of  the  mercury  manometer,  by  which  they  do  away  entirely 
with  the  pressure  bag  and  the  tambour  of  the  other  instruments  and  record  the  pressure 
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Fio»  25.— Diagram  showing  The  effect  of  varying  d^-grfeit  of  oompresaion  upon  thp  Mcuraion  < 
ftrterial  wall.     .-1,  premure  in  tho  ciiFT  &t>cive  the  tnaximat  art^nal  preMure;   B,  betweea  the  maximalil 
nunimal  arterial  pressure;  C,  at  tbe  mimmAt  pressure;  D,  Wlow  the  mimmai  pressure. 

directly  in  milli^metrea  of  mercury.  For  pulses  of  large  amplitudes  their  inatrumenls  are  j 
entirely  satisfactory,  but  with  smaller  pulses  the  inertia  of  the  mercury  column  is  too  great  j 
to  transmit  the  vibrations. 

Numerotjs  other  sphygmomanometers  have  been  devised,  notably  the  sphygmo- 
Hcope  of  Pal  for  visual  determination  of  pressure  by  the  movement  of  a  drop  of 
colored  liquid,  and  the  visual  (tonometer)  and  graphic  (tonographl  methodsof  v.  Iteckling- 
huu»en,  upon  the  same  principle  as  Erlanger's,  but  they  do  not  possess  any  special  advan- 
tages in  their  respective  spheres  of  usefulness  over  the  methods  given  above.  V.  Reckling- 
hausen's manometer  is,  moreover,  a  simple  metal  spring  manometer,  and  in  the  uTitor'a 
experience  is  liable  to  undergo  great  deterioration. 

SIMPLER   METHODS    FOB    THE    DETERMINATIOIV    OF    BLOOD-PRESSURE. 

Although  the  graphic  methods  are  indispensable  for  purposes  of  research^  j 
numerous  simpler  and  more  convenient  methods  of  considerable  accuracy  j 
are  available  for  the  determination  of  both  ma.\ima!  and  minimal  blood-] 
pressure  in  ordinary  clinical  work.     Instruments  used  for  this  purpose  are 
in  the  main  mechanical  variations  of  the  original  Riva-Rocci  type  with  & 
caff  not  less  than  12  cm.  wide.    The  greatest  difference  in  the  various  instru- 
ments ties  m  the  coiLst ruction  of  the  manometer.     The  maiiometer.s  in  use  _ 
in  the  various  instrument's  are  of  four  typ{^s:  ■ 

1.  Ordinary  mercury  manometers: 

(a)  With  reservoir  (Riva-Rocci,  Cooke,  Stanton,  Lockhard-Mummery). 

(b)  Witli  U-shape<l  mercury  manometer  (Janeway,  Martin,  Faught). 

2.  Compressed-air  manometers  (Oliver,  Benedick). 

3.  Spring  manometers  (v.  Recklinghausen). 


Dlitv'a  eompreaMd  mir  apbygroomanoiaetef. 
nea  of  Hawluley  A  tkio.) 


(.Kind- 


V.  Recktoghaujwn  upp&ratua.  (Afterv.  Rerklin«- 
Jukusco,  Arch./.aptr.I'ath.  u.  PharmacoL,  Iv.; 
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4.  Aneroid  (corrugated  metal   chamber  manometers)  (Rogers  (Tj^as), 
LaudtT  Brunton,  Pachon).  ^J 

Little  vtiti  be  said  against  tlie  instruments  with  mercury  manometerW 
except  that  their  size  (they  must  bo  at  least  a  foot  in  h'Uf^li)  renders  them 
rather  cumbersome  for  huuse-to-house  practice.  There  is,  moreover,  with 
many  of  the  instruments  a  certain  liability  to  lose  some  of  the  mercury  in 
traiLsjiortation  or  where  setting  up  the  instrument,  although  it  may  bo  re- 
l>laeed  with  on)}-  a  few  minutes*  inconvenience. 


Compressed-Air  Manometers. — The  oompressed-air  mjuiomet.<?-r8  consist  of  a  fine 
plass  lubi!  ending  in  a  gltih^  bulb.  The  tu}>e  isfieuk-d  wilh  a  drop  of  nn'rcur>',  oil,  or  alcohol, 
which  moves  to  ami  fro  in  an.iwcr  to  the  prr.sHiirp  on  tithrr  fdde  of  it.  A  scule  along  the 
tube  indicates  the  amount  of  pressure  corrcsiMiuding  to  the  [josiiion  of  the  drop.  Tlic  f)res- 
Burc  of  a  <'o(k  enuhlr-s  the  obsen'er  to  cqiiahze  the  pres.»<ure  with  the  outside  air,  so  lis  to 
r»:tuovo  the  t-ffects  of  change  in  tenitierature  and  biirometric  pressure,  before  Ucginnini? 
the  compi't  ssion.  These  air  ni  a  n  o  in  o  t  e  r  s  are  a  l>  s  o  I  u  t  e  1  y  a  c  e  u  r  a  t  e  , 
and  instruments  of  thin  type  are  snudler  and  more  portable  than  the  mercury  manonieters; 
but,  on  the  otiier  hand,  a  certain  amount  of  inconvenience  may  bo  mot  with  ut  times  ia 
adjuatin^  thi*  <[roi)  which.  Berves  aji  an  indicator. 

Spring  Manometers.— The  inaiiomotcT  in  v.  Recklinghausen's  tonometer  is  con- 
structed on  the  «!anie  principle  as  v.  Basch's  hollow  t^pring  manometer.  It  is  a  bent  tube 
of  metal  with  hlRh  elasticity  and  is  elo.sed  at  one  end.  When  the  pre-ssure  of  air  within 
this  tube  is  increa-sed,  the  tube  trtid.s  tostraiKhten,  cau^iing  the  free  end  louiove  tliroufilt  an 
amplit  tide  which  varies  with  the  iireKsiire.    Thi.s  mov(>rmnt  in  re<'orded  on  a  calibrated  dial. 

In  the  V.  Rerklinj^hausen  apparatus,  in  rtmlrast  to  most  of  the  others,  the  dial  ia 
calibrated  in  centimetres  of  water  in.stead  of  millimetres  of  niercurj';  and  hence  tlie  reudiuKS 
mui^t  be  muhiplied  by  1  'id,  in  order  to  he  translated  into  the  usual  terms  of  blond-f>n^sure. 
recordinp;  or,  for  ordinary  purj)0«"S,  I  of  the  l^erkiinghauiien  reading  =  reading  in  milli- 
metrea  of  mereviry. 

The  V.  Rfiklinphausen  instrument  is  rather  bulky  for  private  practice,  but  in  other  ways 
very  convenient  for  determination  bot  h  of  maximal  and  of  minimal  blood-pressure.  The  chief 
objection  to  it  lies  in  the  fact  that ,  like  all  sprinn  manometers,  the  metal  of  the  spring  ia  liable 
in  the  course  of  tiime  to  undergo  chanii^e^ in  etaMtirity  so  that  it  no  longer  corrcMpomis  even 
remotely  to  the  scale.  In  an  Jn.strument  used  by  the  writer  at  the  Johns  Hopkins  Hospital 
this  ern>r  amounted  in  less  than  two  years  to  more  than  thirty  cefitimetre«  of  wafer. 

Aneroid  Manometers. —  The  aneroid  manometer,  in  which  the  pressure  acta  not  on 
a  sprinp  but  by  pre.saiiig  apart  the  walls  of  a  corrugated  metal  chamber  (Mg.  21),  was 
introduced  by  Marey  (1K78).  It  iij  smaller  and  more  convenient  of  construction  than  tho 
spring  manometer,  »o  that  instrunKMit.H  of  this  type  may  bo  carried  in  the  pocket,  and,  at 
the  same  time,  when  adequate  care  i.s  taken  in  the  i)reparation  of  metal,  it  retains  its 
accuracy  for  a  long  time.  For  the  personal  ^security  of  the  observer,  they  should  from  time 
to  Ume-  be  compared  wilh  mercury  manometers.  The  writer  has  found  iiustriimenls  of 
the  Tycns  construction  entirely  free  from  variation  for  ov<>r  two  years,  and  still  longer 
pericwls  for  absolute  accuracy  are  on  record.  On  the  other  hunth  Bachmann  haa  found 
dilTerencci?  of  am  much  a.s  40  mm.  in  pressure  between  the  readings  made  with  Pachon  and 
the  Stanton.  Since  tho  erri>r  with  the  latter  ehould  not  be  more  l!ian  10-15  mm.,  this 
shows  a  corisideriible  enf>r  in  the  calibration  or  the  durability  of  the  I'achon  instniment. 
Drs.  Dandy  and  Engle  have,  moreover,  controlletl  the  Tycos  instrument  with  the  Erlanger 
aiul  have  found  the  readings  to  be  accurate  within  5  mm.  of  mercury. 

PalpatoT}. — The  oldest  of  the  simpler  methods  for  the  dctenninalion  of  maximal 
or  systolic  pressure  oonsistefl  in  determining  the  point  of  pressure  in  the  cuff  at  which  the 
radial  pnbie  could  no  longer  be  felt  at  the  wrist  while  the  pressure  was  being  raised,  or  the 
point  at  which  it  returniKi  when  the  pressure  was  tdlowetl  to  fall. 

This  method  ia  in  most  cases  quite  t^n I iiiif act oiy,  but,  as  shown  by  control  with  the 
Erlanger  apparatus,  it  usually  gives  ri*sult3  fi-lO  mm.  too  low,  probably  because  the  radial 
artery  mu.st  be  di.st ended  somewhat  before  the  pulse  cim  be  feSt. 

The  minimal  or  tl  i  a  a  t  o  1  i  c  pressure  can  aiso  be  determined  by  palpation 
either  at  the  radial  (.Straalmrger)  or  at  tho  brachial  near  the  bend  of  the  elbow  (Khret). 
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The  minimA.!  pressure  is  represented  by  the  point  above  which  the  pulse  begins  to  decrease 
in  size  as  the  pressure  in  the  brachial  is  graduiiHy  rnised,  or  that  at  which  the  pulse  is  of 
largest  volume  and  most  collapsing  quahty  as  the  pressure  in  the  cuff  is  allowed  to  fall. 

This  method  is  often  quite  nccurate  for  minijiud  pi-cssure,  but  the  estimation  is  hij^hly 
subjective.  In  palpation  at  the  vm&t  the  best  results  are  obtained  by  pressing  the  finger 
tips  against  the  radius  and  allowing  the  arterj'  to  beat  against  the  pads  of  the  lingers. 

Oscillatory  Determination. — By  watching  the  oscillations  of  the  column  of  mercury  in 
one  of  the  uiorcury  manometer  instruinents,  or,  still  better,  by  watching  the  movement  of  the 
needle  or  indicator  drop  in  the  other  forma  of  instrunumt,  it  is  usually  possible  to  determine 
the  inininuil  or  diastoUc  blood-pressure  with  great  accuracy  at  the  jioint  at  which  the  oscilla- 
tions are  of  greatest  excursion  (Jaueway,  1901).  When  the  pulse  is  verj-  small,  however, 
this  method  is  not  satisfactorj-  in  instruments  with  the  merciu-y  manometer,  but  it  is  of 
very  general  apphcation  in  those  with  aneruid  chamber  and  dial  (Rogers'  "Tycos,"  I-^uder 
Brunton,  Pachon),  in  which  the  estiimition  cim  be  nwde  quickly  and  with  great  certainty. 

The  maxixnal  pressure  ia,  as  a  rule,  less  definite,  but.  is  represented  by  the  fx>int  at 
which  the  excursions  suddenly  increjxse  in  size  as  the  pressure  falls.  As  for  the  minimal 
pressure,  this  method  of  dt-termination  is  most  satisfactory-  in  instruments  without  mercury. 

Auscultatory  Method.— Korotkow  (1005)  introtluced  a  verj'  ingeaioiu?  method  for 
determining  both  the  maximal  and  the  minimal  pressure,  which  is  the  quickest  and  most 
accurate  of  all  the  cliniciil  raetho<,ls  now  in  use.  He  chilled  ai  tent  ion  to  tlje  fact  that  when 
the  pressure  witfiin  the  cufT  is  raised  above  the  maximal  pressurc,  no  sound  can  be  heard 
with  a  stethoBcoix*  placed  over  tlie  brachial  artery  at  the  bend  of  the  elbow.  As  the  pres- 
sure falls  below  the  ma.vinial,  however,  a  Ix-at  comes  through  beneath  the  (tuff,  evT>ands  the 
artery  l>eneftth  the  stethoscope,  .'ind  c^uuh's  a  clicking  or  faint  pL'^lol-shot  tone  to  be  hoard 
in  the  stethoscope.  .\s  the  pressure  falls  and  the  artery  expands  ntore  and  more  with  each 
beat,  the  stjund  incrca.ws  in  magnitude  and  is  often  accouipanied  or  replaced  by  a  murmur 
as  the  blood  flo\vs  through  a  narrowed  stream-bed.  Where  the  jiressure  within  the  cuff  is 
just  at  the  rUastohc,  however,  the  artery  ia  altematel}'  com[)letcly  coUupscnl  in  •.liastole  and 
filled  to  its  utmost  in  e?yatoIe,  ho  that  at  this  point  the  sound  Ivecomes  loudest  and  sharpest. 
Below  the  diastoUc  pressure  the  artery  remains  filled  during  diastole  and  the  soiiiid  sud- 
denly clmnges  from  a  sharj)  to  a  dull  and  boonung  quahty.  It  usually  diminislics  and  dis- 
appears Ji  few  millimetres  Ih?1ow  the  diastolic  |>ressure. 

Tlie  auscultatory  method  is  very  acx-urate  mdeed.  In  a  series  of  1200  determinations 
by  Schumpf  and  Zalx'l  it  comeides  almost  exactly  with  oscillatory  and  graphic  determina- 
tions with  the  von  Recklinghausen  apparatus;  in  another  by  Drs.  I'^ngle  and  Allen,  at  the 
Johns  Hopkins  Hospital,  m  which  it  was  controlleil  witli  the  Erlanger  instrument,  the 
maximal  pressure  was  found  to  \xs  absolutely  accurate  and  the  minimal  within  5  mm.  of 
the  Erianger.  Hooker  and  Sotithworth  (Arch.  Int.  Med.,  1914,  xiii,  384)  recorded  the 
arterial  sounds  grapliically  ami  found  the  readings  in  close  accord  with  records  maiie  sinml- 
laneously  with  the  Erianger  apparatus.  Ehret,  who  has  reported  over  1000  cases,  finda 
that  in  aortic  insufficiency  the  jwint  at  which  the  pulse  in  the  brachial  artery  at  the  elbow 
(arteria  cubitalis^  is  maximal  represents  the  exact  minimal  or  diastolic  pressure.' 

For  the  ejdgencies  of  private  practice,  therefore,  the  most  satisfactory  apparatus  is  the 
small  pocket  instrument  with  the  aneroid  type  ("Tycos,"  I>auder  Rrunton),  using  l>oth  the 
au8Cultat-ory  and  o.««!iUator\'  niethocis  for  the  detennination  of  maximal  and  minimal  pressure. 

Normal  Blood-pressures. — For  young  persoas  (19  to  25  years  oM)  in  the  reclining 
posture  the  average  blood -pressure,  according  to  F>Ianger,  is  maximal  110  mm.,  minimal 
65  mm.,  pulse-pressure  45  mm.  In  general,  the  limits  in  normal  individuals  at  rest  arc 
maximal  110  to  135  mm.,  minimal  60  to  90  mm  ,  pulse-pressure  30  to  4Ji  mm. 

Wolcv  record.s  the  following  figures  obtainetl  from  the  examination  of  1000  healthy 
individuals  with  the  Tycos  instrument: 

Ace 15  to  30      31  lo40      41  to  &0      Silo  50 

Average  ma.>dmum  pressure  . ,  122  127  130  132 

The  upper  limit  of  the  normal,  according  to  his  figures,  ranges  from  140  l>etween 
15  and  30  years  to  155  at  tiO  yeiirs.    Barach  and  Marks  (Arch.  Int.  Med.,  1914,  .xjii.  (M8) 
I  found  maximal  blood-preasure  below  150,  minimal  below  100  in  90  per  cent,  of  f>5<3  normal 
jroimg  mpn. 

*  Warfield  has  shown  that  with  high  diastolic  preasurea  (130-160  mm.)  the  auscultatory 
Freading  ia  often  20  mm.  too  low. 
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In  females  the  average  blood-pressures  were  8  mm.  luwer  tlmi)  in  rnnles.^ 
According  to  Musiajave  and  tSimaon,  a  low  blood-pre«suro  is  common  in  the  tropical 
countries,  probably  owing  to  increased  vasodilation. 

Trumpp  has  found  that  the  blood-pressure  in  infants  is  80  mm.  Hg.  In  early  child- 
hood and  throughout  the  first  decade  it  is  usually  below  W  mm.,  and  before  puberty  ranges 
between  90  and  111)  mm. 

MECHANISM    OF  THE    CIRCULATION. 

Pressure  in  Different  Parts  of  the  VascuJar  System. — Dawson  has  shown 

that  the  mean  pressure  is  very  constanit  tJoroughout  the  arterial  system^ 
while  the  maximal  pressure  falls  greatly  as  one  approaches  the  periphery. 
The  minimal  pressure  is  also  quite  constant.  As  one  approaches  the  periph- 
ery the  maximal  pressure  falls  quite  rapidly  t^  meet  the  minimal,  and  in 
the  Bmallest  arteries  they  are  practically  equal.  Hence  the  pressure 
in  these  arterioles  does  not  differ  greatly  from 
the  minimal  pressure  in  the  aorta,  although  it  is  certainly 
a  few  millimetres  less.  The  minimal  arterial  blood -pres- 
sure therefore  represents  the  peripheral  resistance 
f vasomotor  changes),  while  the  maximal  pressure  approxi- 
mates the  intraventricular  pressure.  Marey  (1.  c.)  has 
shoTMi  that  his  approximation  is  closest  when  peripheral  resistance  is  high. 
Accordingly  the  pulse-pressure,  or  difference  between  the  two,  represents 
the  head  of  pressure  tending  to  drive  the  blood  from  the  heart  through  the 
aorta  and  large  arteries  onward  into  the  peripheral  arterioles.  The  fall 
in  pressure  may  be  compared  to  a  cascade  whose 
first  descent  is  from  heart  to  arterioles,  whose 
second  from  arterioles  to  capillaries,  and  whose 
third  is  from  the  capillaries  back  to  the  heart.  The 
actual  head  of  pressure  at  any  point  in  the  arteries  is  never  equal  to  the 
total  head  (maximal  pressure)  which  would  be  active  if  the  fall  were  unin- 
terrupted by  interposed  resistance,  but  is  more  nearly  equal  to  the  pulse- 
pressure. 

Hill  and  his  collaboratjors  Flack  and  Rowlands  have  shown  that  the  pressure  recorded 
over  the  femoral  artt»ries  of  healthy  men  is  higher  than  that  recorded  in  the  brachial 
arl fries  when  the  subject  is  sitting  up.  The  difference  is  then  due  to  the  height  of  the 
arm  above  the  thigh  and  is  represented  by  a  column  of  mercury  which  would  exactly 
balance  this  column  of  blood.  When  the  subject  is  lying  horizontal,  the  difference  dis- 
appears, although  Dawson  hus  found  that  in  dogs  the  maximal  pressure  in  the  femoral 
artery  is  slightly  higher  than  that  in  the  brfirhiat.  This  is  due  in  part  to  the  fact  that  the 
femoral  pressure  is  an  end-pressure,  while  the  brachial  pressure  is  a  lateral  pressure  mth 
reference  to  the  aorta,  and  in  part  due  to  conditions  of  elasticity  and  oscillation  of  the 
arterial  walls. 

In  persons  with  aortic  insufiRciency  or  arteriosclerosis,  however,  (he  ilifForcnce  still 
remains  when  the  subject  hes  down,  partly  owing  to  the  fact  that  the  large  pulse-wa\'e« 
in  the  femoral  artery  are  conduct wl  better  than  the  smaller  ones  in  the  brachial  artery, 
and  partly  owing  to  tlio  incrcti-sed  tonus  of  the  iirtcnal  walls.  The  hitter  conriition  can 
cause  a  diacrepancy  of  over  lOO  mm,  Hg.  much  of  which  can  be  made  to  disappear  when 
the  arteries  are  relaxed  by  immersing  the  limb  in  hot  water.  In  a  case  recorded  by  Hoover, 
owing  to  local  arterial  sfKism,  the  blood-pressure  in  the  brachial  arteries  was  245  mm.» 
while  that  in  the  legs  was  162  mmi. 

'  Excitement  or  worry,  accompanjing  the  first  examination,  may  raise  the  blood- 
pressure  temporarily  to  150  or  160  mm.  Hg,  though  it  may  be  normal  hours  later. 
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FACTORS  DETERMINING  MAXIMAL   AND   MINIMAL   PRESSURE. 

The  fall  in  bloocl-presvsure  during  diastole  continues  until  the  next  sys* 
t«»]e  takes  place.  If  the  pulse-rate  is  rapii!  the  diaritole  is  short  anil  thi'  bliHjd- 
pressure  has  not  time  to  fall  much ;  hence,  other  things  being  equal,  m  i  n  i  in  a  1 
pressure  rises  and  pulse-pressure  falls  as  pulse- 
rate  increases. 


Fso.  20, — Diaxnun  ibowmg  th«  muTiTnal  and  mioimat  pressures  ia  various  partJi  of  the  circulatory  ayeUm, 

Erknger  and  Hooker  have  claimed  that  under  ordinary  conditiona  tlie  protluct  of 
pulBC-presBure  multiplied  by  pulf*P-rate  is  tol*»rably  con- 
stant, and  represents  roughly  the  velocity  of  blood  flow,,  although  Y.  Heti«Jcrsor),  the 
writer,  and  others  have  proved  that  this  ia  very  inaecurute  and  may  involve  an  error  of 
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VASOCOMSTRICTlON  | 

NORMAL              J 

VAiOOlUATION      llNCRtASEO  FORCE    |  DIMlNl3«eOrol?CC~| 

Fta.  27. — Diagram  allowing  cfTects  of  vajwconstrintion,  vaaodilatiuu,  increawd  and  dwreoM**!  force 
of  ventricular  contraction  upon  the  insuJiDal  and  minimal  bloud-preiuures  &nd  upon  the  fomi  of  the  pulse. 
SYS.  Bystole:   DIAS,  diastole;   ART,  large  arteries;    AOL,  art«riotea;   CAP,  capillaries. 

i  timi  50  per  cent.    The  curves  of  Dawson  and  Gurhatn,  who  claim  that  the  pulse- 
t  is  a  "reliable  index"  of  the  systolic  output  (per  beat)  of  the  ventricles,  indicate 
writers  referred  to  qualitative  rather  than  quantitative  changes.     Henderson 
has  shown,  however,  that  within  a  certain  range  of  pulse-rute  the  ventricular  output  per 
beat  varies  inversely  as  the  pulse-rate.    Within  this,  the  usual,  range  the  velocity  of  blood 
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flow  is  greatest.    At  rules  below  it  time  is  lost  during  the  periods  of  diastasis;  above  it 
successive  systoles  encroach  upon  the  period  of  ventiicuW  lilting  und  cut  short  the  inflow.l 
Within  the  limits  indicated  l*y  Henderson,  Erlanger  and  Hooker's  index  of  velocity  ntay] 
often  be  oontict,  espe^uaily  when  there  are  no  extreme  vasomotor  changes. 

If  the  peripheral  veneb  dilate,  more  blood  can  flow  throuji^x  in  the  same  time,  and 
hence,  wh&Q  the  puLse-rate  is  constant,  vasodilation  brings  about  fall  in 
minimal  pressure,  rise  in  pulse-pressure;  vasoconstriction 
brings  about  rise  in  minimal  pressure,  fall  in  pulse-pres- 
sure ^  but  a  change  iJi  maximal  pressure  following  the  change  in  minimal  usually  occurs 
reflexly.  Fig.  2G  shows  the  various  relations  of  maximal,  minimal,  and  pulsf-pressurea  to 
the  state  of  the  intraventricular  pressure.  ^M 

Lauder  Bruntou  has  shown  that  the  arterioles  and  capillaries  in  man  dilate  and  coii*^| 
trart  rhv'thniically  at  a  rate  of  about  once  in  twenty  seconds.    Thiji  can  l>e  oljserved  by 
wut«;hinj5  the  clianges  in  the  breadth  of  the  red  streak  left  upon  the  forehead  after  rubbing 
it  with  the  lingcr-nail.  -^M 

Changes  in  the  peripheral  vessels  can  be  recorded  by  placing  the  patient's  hand  in  ft^| 
plethysmograph  which  is  sealed  hermetically  alxjut  the  forearm  by  iiieans  of  a  rublier 
cufF.     I'he  free  apace  in  the  plethysniograph  is  tilled  with  water,  which  runs  in  or  siphons 
out  of  a  tube  leading  to  a  movable  test-tube.    Changes  in  volume  of  the  arm  are  recorded 
by  upward  or  downward  movements  of  the  test-tuba. 

Dctcrminatron  of  the  Velocity  of  Blood  Flow  in  the  Arm. — By  the  u.se  of  a  slight 
modihcatiuii  of  the  pJethysmogruph  it  is  possibk^  to  make  quantitative  studies  of  the  amount 
of  bloo<l  fktwing  through  the  ami.  Thia  method,  first  suggested  by  Brodie  and  Russell, 
has  been  applied  clitucally  by  Hewlett  and  van  Zwaluwenburg  with  excellent  results.  The 
usual  form  of  arm  plethyamogroph  is  connected  with  a  Brodie  s  bellows  recorder  or  a  large 
tambour,  and  a  narrow  liiva-Hocci  blood-pres.'^iw^  cuff  is  placed  on  the  upper  arm  just 
above  the  plethysmograph.  The  pressure  in  this  cuff  is  suddenly  raised  to  a  level  a  little 
below  the  diastohc  arterial  pressure  by  opening  a  stop-cock  from  a  pressure  bottle.  When 
the  ciilf  is  thus  inflated,  blood  can  enter  the  arm  through  the  arteries  but  caruiot  leave  it 
through  the  veins,  and  the  amount  of  mcrease  in  size  corresponding  to  this  stagnation  is 
indicated  by  a  rise  of  the  rpoirding  lever  of  the  bellows.  The  amount  of  the  rise  can  be 
calibrated  by  letting  water  flow  into  the  tam}>our  or  into  a  suit-ably  connected  vesisel. 

This  rise  is  at  first  quite  HuJden,  and  when  controlled  by  a  lirne-markor  it  may  be 
used  &»  an  index  of  the  volocity  of  flow  through  the  arm.  Soon,  however,  the  jiressure  in 
the  veins  ri-ies.  re.'ichc.'*  the  diastohc  pressure,  and  blood  Imgitis  to  flow  off  beneath  the  cuff, 
aii<l  the  slope  of  the  curve  becomes  more  gradual.  The  steep  fwrtinn  of  the  curve  may  be 
us(h1  to  dett'rniine  iim  volume  of  blood  flow  per  second  or  per  minute.  The  normal  figures 
tmiy  be  regarded  .1.1  Iwtwnen  2  and  8  cc.  {kt  minute  jjer  100  Gm.  of  arm  (determined  by 
the  volume  of  water  di.s[)ki.ced  by  the  arm  up  to  the  level  to  which  it  is  inserted  in  the 
plethysmogruph).  The  velocity  may  incjease  up  to  10  or  12  cc.  during  perspiration  or 
after  exercise,  or  it  rmxy  fall  to  Hlwiut  1  cc.  npon  exposure  to  the  cold. 

(}.  N.  Stewart.  (Heart,  iii)  has  obtained  figureji  for  velocity  of  flow  which  accord  well 
with  Hewlett's  by  calculating  the  velocity  from  the  amount  of  lieat  given  off  l>y  the  hand 
when  immersed  in  a  CHlorimeter.  This  is  constructed  of  a  copper  tin  inner  vessel  sepitrated 
fnmi  an  outer  tin  jacket  by  a  space  filled  with  liroken  cork.  The  inner  vessel  is  filled  with 
water  at  '10°  C,  the  hand  iimnersed  in  it  and  escaf>e  of  heat  from  above  is  preventeti  by 
a  tight ly-fittinK  collar  of  saddle  felt  fitting  tightly  about  the  wrist.  Velocity  of  flow  is 
calculated  according  to  the  following  formula:  ^_ 

Quantity  of  blood  flow  =  H^'  of  temperature  (in  6  minut^)  ^  1  ^ 

Ilectttl  temjierature  (C)  mmus  30    Specific  heat  of  blood  (about 

0.9) 

Both  these  methods  are  relatively  sunpte  mid  easy  of  apphcation  nnd  both  give  data 
which  are  quite  as  imixjrtant  as  those  wliich  are  obtsiincd  from  hlotjd-pressure  and  pulse. 
Hewlett's  meihoti  is  of  further  value  because  it  enables  one  to  determine  the  actuid  move- 
ment nf  blooil  into  iind  <iut  of  the  arm  with  ench  heart-lient.  In  other  words,  it  reveals  also 
the  significance  of  the  ihi1s(»-whvo  (see  page  fi5},  wherejm  Stewart  gives  only  the  measure 
of  the  t4ita!  hlood  flow  without  imparting  further  information. 

Work  of  the  Heart. — Since  the  intraventricular  pressuir  is  almost  cc 
stant  throughout  systole,  it  is  evident  that  the  work  done  by  the  heart 
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tolerably  constant  through  this  period;  ami  since  no  work  is  done  during 
diastole,  it  is  evident  that  tiie  work  of  the  heart  per  minute  may  be  esti- 
mated, at  least  roughly,  by  the  product  of  intraventricular  pr^^sure  X  dura- 
tion of  systole  X  pulso-rate.^ 

Mru-tin  and  DonaUlson,  and  later  W.  O.  MacCallum,  have  sho^Ti  that  the 
work  of  the  heart  is  more  or  less  proportional  to  the  amount  of  blootl  flowing 
tlirough  the  coronary  ai'teries,  and  (J.  S.  Bond  has  found  that  u-^ually  the 
latter  runs  almost  entirely  parallel  to  the  general  blood-pres»sure;  so  that  a 
rise  in  general  biood-prpssure  thus  comi)ensates  at  once  up  to  a  certain  limit 
for  the  increased  work  that  it  is  impo^ing  on  the  heart. 


^_ 


Fia.  28. — Dincrkin  of  upparatua  for  determininR  the  rato  of  blood  flow  through  th«  arm.  (A.  W. 
Hewlett  and  Q.  Van  Zwaluweuburg.)  Tho  ano  is  plnciHl  in  the  plelhytiiuogrupb.  P,  tlie  opeoiDK  of  which 
u  «Josvd  by  •  |>tec«  of  rubber  dam,  D,  and  the  caujieotiuo  with  the  akio  tuudo  tight  with  •uapsuds.  The 
aarrow  preaaura  cuff,  C.  Is  placed  around  the  arrn  about  3  cm.  above  theopeuingintothoplt'thysmograph. 
Th«»preaaure  cuff  t«  infittlcd  by  opening  the  atop-cock  cootiecliug it  with  the  largo  bottle,  ^,in  which  the 
preasure  has  previously  bcon  raided  by  tlio  rubber  bulb,  B.  Prwwurva  are  read  by  the  spring  manomrter.Af. 
The  plethjimogrttph  is  cunncetcd  wi(h  tho  volume  n<corder,  V,  which  wrilea  upon  a  moving  drum.  Air  can 
be  let  out  of  the  n.vsti^m  by  (he  stop-cock,  X,  and  wuier  con  bo  introduced  from  the  burette,  Y,  so  that  the 
writing  point  of  the  vulun)e  recorder  oiin  bo  adjiuted  at  will.  The  stop-cock,  Z.  nerves  to  diitconncct  the 
plelhyvniograpb  from  the  recording  apparatus  during  adjusttnenta  of  the  former.  The  recording  apparatus 
is  graduated  by  alli>wing  &  cc.  of  Buid  at  a  time  to  flow  in  from  the  burette,  and  marking  tho  elevation  uf 
the  volume  recorder  thus  produced. 

The  value  of  blood-pressure  determinationfl  as  an  inrlex  of  the  func- 
tional power  of  the  heart  will  be  diacij.s.sed  on  page  199  in  relation  to  exercise 
and  cardiac  overstrain. 


V.\RIATIONS  IN  RLOOD-PRESSURE  UNDER  Pin^SIOLOGICAL 
CONDITIONS. 

1.  Change  of  posit  ion.  Erlanger  and  Hooker  havi*  shown  that  the  minimal 
pressure  usually  rJHes  coruMiderubly  suiil  the  pulse-presaure  always  decreases 
upon  stujidiitg  after  haWiiR  lain  down.  Tho  puW-rate  increaws  acL*ording]y.  Thoy  httve 
alu>n'n  that  these  effeets  are  entirely  due  to  the  rule  of  gravity. 

•  For  more  complicated  and  perhaps  more  accurate  formula?  cf.  Tigerstedt  (I,  c). 

PuL'H.'-ppcssure  „       ,  ™,  .        .  , 

*^«  ^"^^"^  Ma^d^l   (sysTolie)   pr^^tir^  ""'  Blood-pressure  coefficient  is  uaed  more  or 
I  lese  as  an  index  of  circulatory  conditions.    Its  significance  may  be  given  as  follows; 

P.  P.  «»P.  Rale -Velocity  i      ^^  .  ,.  ^  ..,..,, 

g    .   p-  ^p^wTTT^tv^k  I  -Efficiency  of  heart  aa  a  pump.    In  u  normal  inthvidua! 

this  coefficient  is  25  per  cent,  to  35  per  cent. 
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2.  A  f  t  e  r  m  e  a  I  a  the  maximal  presaiire  and  pulse-preseure 
are  increased  ,  al«o  the  pulHe-rate,  and  the  minimal  preasure  may  be  increased,  but 
to  a  leas  extent.    The  circulation  is  accelerated. 

3.  After  exercise  the  effect  ia  the  same  as  after  meala,  only  more  marked. 
When  exercise  is  continued  to  the  point  of  fatigue  the  pressures  fall,  the  7>ulae-rate  falls 
also,  and  the  circulation  ia  slowed  (Schott,  Maaing,  Cabot,  Boweu).    (See  page  197,) 

4.  U  p  o  n  sensory  stimulation  the  viusomotor  centre  ia  the  mi?<lulla 
usually  responds  by  constricting  the  peripheral  veswls,  and  the  pressure,  especially  the 
minimal  pressure,  rises.  The  pulae-rale  usually  quickens  also.  There  are  great  variations 
in  the  resixinse  of  different  healthy  individuals  to  pain  sensations.  Dr.  A.  Berg,  under  the 
writer'a  direction,  haa  teaU'd  the  effecit  of  pinching  the  ear  upon  the  blood-pressure  of 
healthy  individuals,  and  haa  fr»und  in  some  persona  a  rise  of  blood-preasure 
amounting  to  10  to  20  mm.  Hg,  in  others  no  effect,  ia  others  a  fall  of  about  10  mm.  Too 
intense  stimuli  prwhice  shock.  Mental  exertion  haa  a  similar  effect — a  definite 
vaaoconatriction  setting  in,  which  b  shown  by  the  shrinkage  of  t!ie  ann  in  a 
plcthyaraograph.  Zabcl  baa  shown  that  the  rise  in  blood-pressure  is  proportional  to  the 
amount  of  mental  effort.  For  example,  a  theological  student  could  translate  a  few  lines 
of  Caesar  to  which  he  was  accustomed  without  any  change  in  blood-pressure,  while  the 
calculation  of  17  X  18  caused  his  bloixl-pressure  to  rise  21  mm.  Hg  (28  cm.  HjO).  On  the 
other  hand,  a  young  merchant  was  able  to  do  various  calculations  without  change  of  blood- 
pressure,  whercits  an  attempt  at  traualation  caused  a  rise  of  16.5  mm.  (22  cm.  HtO). 

Cannon  and  de  la  Paz  have  demonstrated  that  the  psychic  rise  in  blood-pressure  is 
due  to  a  true  psychic  secretion  of  adrenalin,  for  they  foimd  in  the  cat  that  the  blood  obtained 
from  a  cannula  which  they  intro<luced  through  the  femoral  vein  up  the  vena  cava  to  the 
level  of  the  adrenal  vein  contained  more  adrenalin  after  the  Ciit  had  been  excited  by  the 
presence  of  a  dog  than  it  did  when  the  cat  was  quiescent.  They  determined  the  amount 
of  adrenalin  by  the  inhibition  of  the  rhythmic  contractions  of  strips  of  perfused  origin 
uterine  muscle  which  occurs  whenever  adrenalin  is  added  to  the  perfuHion  fluid  in  even 
iufinitesinial  quantities. 

5.  1  n  sleep  the  opposite  effects  are  seen:  there  ia  a  general  vasodilation 
and  a  fall  in  minimal  blood-pressure  (Howell,  Brush,  and  Fayena'eather). 
There  is  probably  also  a  nliglit  full  in  maximal  pressure. 


VARIATIONS  IN  BIjOOD-PRESSURE  UNDER  PATHOLOGICAL 

CONDITIONS. 

ASPHYXIA   AND   THE   EFFECT   OF   EXCESS   OF   COj. 

When  tbe  heart  fails  the  circulation  i.s  R!ow«d  and  the  blood  becon 
inconipietply  aerated  and  overloaded  with  CO3  (f.  Bohr).  These  conditions 
closely  simulate  the  conditions  present  in  asphyxia  (Trail he),  or  afU-r  breath- 
ing an  atmosphere  overladen  with  C'Oa  (Klug  has  kIiowu  that  the  effect  of 
the»e  is  quite  similar). 

Experimental  Asphyxia. — The  conditions  as  observed  in  experimental 
asphyxia  M^mewhat  foreshadow  those  due  to  accimiulation  of  CO,  from  heart- 
failure.  The  blood-presKure  changes  in  asphyxia  have  been  most  carefully 
studied  by  Kontiw  and  Stenlx-ek  in  Tigeratedt'a  laboratory,  who  found  as- 
phyxiation in  rabbits  resulting  in  the  following  series  of  eventfi: 

1.  At  the  beginning  of  fisphyxia  the  vasomotor  an<i  cardiac  centres 
in  the  medulla  arc  stimulated,  as  is  also  the  inhibitor)'  eetitre.  Blood- 
presHurc  ri.se  a  and  the  pulse  is  slowed.  (Cameron  has  shown  that,  on 
the  other  hand,  the  tonicity  of  the  heart  muscle  promptly  decreases  with  tbe 
first  stage  of  asphyxia  and  remains  diminished  throughout.) 

2.  As  asphyxia  continues,  the  effect  of  slowing  of  the  pulse  exceeds  that  of  the  riae 
of  pressure  and  the  blood-pressure   falle. 

3.  This  condition  slows  the  circulation  still  more,  COi  accumulates  in  the  blood, 
bathing  the  vasomotor  centre,  the  latter  fltimulates  the  arterioles  to  still  further  constrio- 


39 


the  vagus  can  no  longer  overcome  these  effects,  and  in  spite  of  its  continued  action 
the  pulse  quickens   and   blood -pressure   again   rises. 

4.  The  activity  of  the  vasomotor  centre  diminishes  while  the  vagus  centre  remains 
at  maximal  acti\ity,  and  the  pulwe-rate  again  slows  and  blood-pres- 
aure  again  falls. 


I 


I 


5.  The  vagus  centre  fatigues,  the  ac- 
ceasory  vitsomotor  centres  in  the  spinal 
cord  arc  again  stimulated,  and  blood- 
presBure  and  pulse-rate  again 
rise  . 

6.  Conductivity  of  the  heart  dimin- 
ishes, occasional  beats  are  dropped  by  the 
ventricle,  blood-pressure  and 
pulse-rate  fall,  and  the  animal 
dies  at  this  stage  unless  respiration  is 
promptly  restored. 

Occasionally  in  asphjTcia  periodic 
changes  in  rhythm  of  the  heart  occur^ 
such  as  have  been  dtacribed  by  Luciani 
in  frogs  and  by  Langendorff  in  cats. 
These  irregularities  occur  when  the  vagi 
are  sectioned  aa  well  as  when  they  are 
active;  this  also  occurs  when  the  animal 
is  made  to  breathe  an  excess  of  CX)j 
(Klug).  WTien,  however,  the  vagi  are 
infikctive  (cut),  the  rise  of  blood-pressure 
in  asphyxia  is  continuous  from  the  onset 
until  the  vasomotor  centres  fail  (i.e.,  in 
the  fourth  stage).  When  the  cervical 
cerves  have  been  cut  and  the  vagi  are 
active,  there  is  an  immediate  fall  in  both 
blootl-presaixre  and  pulse-rate;  the  rise  in 
blood-pressure  sets  in  much   later  when 
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Fio.  20,— DiBgram  showiHB  the  curve  of  blood- 
pr<«imr«  during  maphyxiA.  (Schema lie,  illiuitnitiDC 
th«  renulU  of  Kodow  and  Stenbeck.)  iV,  aorina) ; 
BP.  WcMjd-preMtire ;  PR,  pul«e-rat«. 


^_  the  accessory  vasomotor  centres  in  the  spinal  cord  are  stimulated,  or  the  animal  may 
^B<iie  if  these  fail  to  respond. 


BLOOD-PRESSURE  IN  VARIOUS  DISEASES. 


Ifnportance  of  Determining  the  Mechanism  Producing  the  Change.^ 

^Variations  in  blooil-pressure  oucur  not  only  in  contlitions  of  health  but  still 
more  under  i>athological  conditioiLs.  As  will  Ix;  seen,  tho  mwhanism  which 
brings  thetie  changes  aijout  is  not  always  a  simple  one,  anil  the  causal  factor 
may  not  be  affected  by  merely  resorting  to  therapeutic  methods  which  lower 
a  high  blood-pressure  or  raise  a  low  one.  It  is  therefore  necessary  for  the 
clinician  to  investigate  as  far  as  possible  the  condition  of  the  vasomotor 
nerves,  the  strength  of  the  heart-heat,  to  determine  also  whether  tlie  blood 
is  properly  aeratt^l,  and  learn  whether  the  kidneys  are  performing  their 
function  i>roperly,  l>efore  proceeding  to  Hymptomatic  treatment  of  high  or 
■  low  blood-pretisore  when  the  cause  is  in  any  way  obscure. 

I 


DISEASES   WrTH   UIQU   BLOOD-PaESStlllB    (HYPERTENSION). 

The  following  represents  the  typical  blood-pressure  findings  in  various 
diseases.    In  exceptional  cases  more  extreme  variations  are  seen. 


1.  Nephritis  (discussecl  below),  especially  the  chronic  forms  (maximal pressure  160  to 
220,  minimal  120  to  160,  pulse-rate  50  to  80).    High  blood-pressure  is  common  in  both 
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parencliymatous  and  intpratidal  coaob,  PjisaltT  aiul  Heiucko  found  tliat  in  animals  from 
which  alinosi  all  the  kidney  substance  ha<i  been  n-ninveil,  l)U»(xl-pressurc  ro.sc  pan  pasau 
with  the  occurrence  of  signs  of  rciiai  insufficiency  in  the  luetabolifim.  , 

Excellent  reviews  of  this  su})ject  have  recently  been  published  by 
T.  C.  Janeway  and  by  Pearee.  There  seems  to  be  a  striking  purallelism 
between  continuous  high  bIooiJ-pre>sure  and  oversecretion  of  the  adrenals, 
sometimes  leading  to  an  hypertrophy  of  the  latter  (see  page  42). 

In  acute  nophritis  the  blcMnJ-prcisaurc  may  not  rise,  but  Buttermann  report* 
a  viiAO  of  scarhitinal  tu'phnli.s  where  a  rise  r>f  50  mm.  heralded  the  onset  of  the  nephritis. 
Here  it  ia  of  diagnostic  and  prognostic  importance. 

In  urziemia  bloutl-prcssure  rises  at  the  beKinniiig  of  the  attack,  but  may 
gradually  fall  a  few  daya  before  a  fata!  termination  (Ljiqueur).  Grurlual  fall  in  blood- 
presasure  al-^o  accompanies  amcliDration.  Engel  finds  that  there  is  no  rise  in  the  nnldftst 
cases  of  nephritis,  but  that  the  rise  of  pressure  runs  parallel  to  the  (Severity  of  the  disease 
until  the  terminal  fall  sets  in  from  cardiac  weakness. 

2.  Arteriosclerosis. — Increased  blood-pressure  (maximal  150  to  170,  minimal  110  to 
l.'JO,  pulse  tiO  or  over)  is  the  rule  in  arteriosclerosiis,  though  there  are  occasional  exceptions 
where  the  maximal  pressure  does  not  exceetl  or  even  rtiach  110  mm.  (Israel).  (Sec  also 
chapter  on  .Vxterkwcleroma.) 

3.  Lead  Poisoning  (plumbism). — Acule  and  cljronio  forms  are  usually  associated  with 
high  bl(x:Kl-[)n.'Hiiure,  a^  in  aitoriosrlerosis,  often  witli  vasomotor  crises. 

4.  Chronic  Hjpcrirophy  of  the  Heart  from  other  causes,  as  in  athletes,  or  as  the 
result  of  smoking  in  excess,  of  compcntyited  heart  U>sions,  etc.  (in.aximaJ  pressure  may  roach 
145  mm.,  minimal  90  to  110  mm.,  pulse-rale  normal  or  increased). 

6.  Aortic  Insufficiency  is  often  but  not  always  aAso<*iated  with  hipch  maximal  pres- 
sure (nntximal  pressure  170  to  220  mm.  Hg,  minimal  60  to  1-10,  puls«>-rate  usually  increased, 
being  even  a.**  high  iw  120).  This  is  u.sua!ly  associated  with  arteriosclerosis.  In  young 
individuals,  as  in  experimental  aortic  in.sufhciency  in  animals,  the  maximal  pressm-c  is 
usually  little  changed,  the  minimal  pressure  lowered  (maximal  120  to  130,  minimal  50  to 
60,  piilse-rate  normal  or  inrreastHl). 

6.  Conditions  associated  with  increaacd  pressure  in  the  cranial 
cavity  (meningitis,  apoplexy,  cerebral  thrombosis,  frac- 
ture of  the  e  k  u 1 1 ,  intracranial  hemorrhage,  rapidly  growing 
brain  tumors,  some  cases  of  uraemia,  Jacksonian  epilepsy). 
Maximal  blood-pressure  nuiy  rise  to  3IXt  or  400  mm.  Hg,  minimal  pressure  to  IBO  or  over, 
pulse-rate  slow,  00  or  under.  Gushing  has  shown  that  when  the  intracranial  pressure  is 
raised  above  the  blood-prei^.sure,  the  anapmia  of  the  viusomotor  centre  brings  about  a  tn- 
mendous  vasnctinslriction  and  action  of  the  augment  or  fibn-s  in  increasing  the  strength 
of  the  heart -beat.  The  blood-pressure  rises  in  eucetrssive  stages  (Traube-Uering  wav(«) 
until  the  mean  pressure  exceeds  the  intracranial  pressure.  The  rise  of  blood- 
pressure  expresses  the  need  of  the  brain  for  blood;  to  coun- 
teract the  vasoconstriction  with  nitrites  or  other  vaso- 
constrictors or  by  venesection  only  increases  the  task  of 
the  heart.  The  only  medical  treatment  which  aids  it  at  all  is  administration  of 
atropine  I<>  paralyze  the  va%\,  <iuieken  the  heart,  and  permit  the  pressure  to  rise  more 
readily.  Luiiibar  puncture  helps  somewhat  by  removing  the  exccs.'^  of  intracranial  fluid. 
If  this  does  not  suffice.  Gushing  advJscii  surgical  interference  in  many  cttsea, — a  flap  of  the 
skull  being  lifted  temporarily  in  order  to  relieve  the  intracranial  tensicm  and  to  allow  the 
blood-pressure  to  fall.  This  procwlure  is  almost  devoid  of  danger  in  the  hands  of  a  surgei^n 
whose  asepsis  is  perfect ,  but  very  dangerous  if  it  is  imiierfcct,  and  this  i>oint  alone  will 
often  deci<|e  the  advisability  or  inadvisability  of  the  opt^ation. 

7.  Attacks  of  Idiopathic  Epilepsy  are  assuciafed  with  very  high  blooil-pressurc  and 
slow  pulse.  The  bl<x>d-pre.s.surp  falls  within  a  few  minutes  after  the  fit,  which  assists  to 
differentiate  it  from  uraemia  (Pilcz). 

8.  Vascular  Crises.— Pal  hsus  described  an  important  gr(>ui>  of  cases  associated  with 
crises  of  high  blood-pressure  due  to  vas<x*onstrietion.  Among  these  he  classes  ura-mia, 
cert&in  cases  of  arteriosclerosis,  especially  with  ab<loroinal  and  cardiac  symptoms,  and 


I 
I 

1 

I 

I 
I 

I 


BLOOD-PRESSURE  A! 

eHatly  the  tabetic  ^^sce^al  crises  with  intcna^  puin.    Hi-  has  shown  that  those  us  well  aa 
acks  of  lightning  paiiia  are  associated  with  marked  vasoconstriction  and  rise  in  blood- 

presBure,  and  states  that  they  are  even  relieved  by  the  administration  of  nitroglycf'rin. 

He  also  cloaaes  angina  pectoris,  intermittent  claudication,  and  iiaynaud'e  diBease  under 

thia  head. 

9.  Some  Cases  of  Angina  Pectoris  during  Attacks. 

10.  Some  Cases  of  Adams-Stokes  Diseases  between  Attacks. — Gil>son  reports  a  case 
with  maximal  pressure  270,  nanimal  pressure  70,  pulse-rate  27.  The  pressure  may,  however, 
never  rise  materially.    During  the  attacks  it  always  falls  almost  to  zero  (see  |Wige  565) . 

11.  Exophthalmic  (ioitre  (Graves's  or  Baactlow's  dis<*a.se)  ia  often  arroini)anied  by 
hypertrophy  of  the  heart  with  increased  maximal,  140  to  1(50  mm.,  minimal  90  to  110  mm.. 
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Fxo.  30. — Diagram  ehowing  typical  blood -piWBuree  in  various  dtaeaMs.     Solid  black,  nuoimal  pressurei 
stripeil  Bliadiitg,  pulsfl-pnssiiurr;  dot.  pula«-rat«. 


and  pulse-preasure  30  to  50  mm.,  pulsorate  accelerated  to  120  and  over.    In  some  caaee 
of  Graves's  disea^  the  pressure  remains  low  (maximal  120,  minimal  90). 

12.  TTie  End  of  Pregnancy,  the  onset  of  labor,  and  the  puerperium  are  aecompanied 
by  a  sliglit  (10-15  mm.)  rise  of  maximal  pressure  with  little  change  in  mluimai  pressure 
(Slenions  and  Cloldslxjnjugh ;  see  Part  III,  Chapter  IX). 

13.  Chronic  Primary  Polycylhsemfa.— The  increa-sed  number  of  red  eorpusejejj  in- 
creases the  viseosity  of  the  blood,  and  thereby  the  work  of  tlio  heart,  besides  art erioselcrfwiB 
is  usually  asso<*iateil.  On  the  other  hand,  aa  shown  by  \V.  Erb,  Jr.,  inereai«e  in  bloo<l- 
presHure  causes  liquid  to  leave  the  vessels  and  thereby  increasen  the  viscosity  of  the  blood 
further — introducing  a  vicious  cycle. 
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14,  Cyanosis  in  Heart-failure  with  Broken  Compensation,  which  orcura  at  some 
Bi&f£.e  in  almost  alt  failing  hearts.  The  bload  btM'omes  owrUmiied  with  COj,  and  vaaocon- 
Blriclion  plua  augmentation  results  aa  in  asphyxia  (see  page  315).  Usually  the  pulse  is 
quickened,  probably  from  fatigue  of  the  vagus  centre.  This  condition  is  of  great  clinical 
importance,  since  the  high  blood-prossurc  increases  the  work  of  the  heart  and  accelerates 
Uh  failure.  Venesection,  nitrites,  digitalis,  anything  which  accelerates  the  velocity  of  blood 
flow  through  the  lungs,  brings  about  improvement  and  lowering  of  the  blocMi-preasure. 


CHRONIC  HYPERTENSION. 

One  of  the  most  interesting  and  important  conditions  from  the  clinical 
stand-point,  as  well  as  fmm  that  of  pathological  physiologj-,  is  the  condition 
of  persistent  high  blood- pressure  associated  with 
hypertrophy  of  the  left  ventricle.  As  will  be  seen,  this 
condition  or  syndrome  m  scarcely  to  be  regarded  as  a  single  clinical  entity, 
but  more  as  a  group  of  majiifestations  secondary  to  a  variety  of  hetero- 
geneous clinical  conditions,  grouped  together  only  for  clinical  convenience 
and  for  coiivenience  in  dincuswion  of  their  pathogenesis  and  treatment.  They 
are  not  associated  with  primary  disease  of  the  heart,  but  arise  secondarily 
from  diseases  in  other  organs.  For  convenience  of  clinical  designation,  how- 
ever, they  have  been  groui>etl  under  terms  "  chronic  hypert4?nsion,"  "  hj-per- 
piesis '*  (Sir  Clifford  Allbutt)  and  "  presclercjsis  *'  (Huchard);  but  these 
terms  are  usually  applied  to  the  high  blood-pressure  of  chronic  nephritis. 

Frequency  of  High  Blood-pressure  in  Chronic  Nephritis. — A  review  of 
the  cases  of  high  blood-pressure  in  association  with  either  arteritKsclerosis 
or  chronic  nephritis  which  have  come  to  autopsy  from  the  Medical  Service 
of  the  Johns  Hopkins  Hospital  during  the  years  1905  to  1911  (total  admis- 
sions 7,000)  indicates  strongly  the  relation  of  chronic  nephritis  to  diffuse 
changes  in  the  kidneys.  Of  thirty-nine  casps  of  the  two  ctjntiitions  in  which 
the  blood-pressure  had  bc<?n  above  1.50  mm.  Hg  (Riva-Hocci  wide  cuff), 
only  four  were  free  from  diffuse  nephritic  changes,  and  in  none  of  these  was 
the  pressure  above  190  mm.  Hg,  while  in  fifteen  cases  of  chronic  nephritis 
the  blood-presHure  rangfni  from  190  to  300  mm.  Hg,  eight  being  below  and 
seven  alKtve  230  mm,  Similarly  T.  C  Janeway  has  found  that  in  130  patients 
seen  in  private  practice  whose  blood -pressures  were  over  200  mm,  Hg,  at 
least  105  (81  p^r  cent.)  were  ctises  of  outspoken  chronic  nephritis,  most  of 
the  others  being  cases  of  aortic  insufficiency,  Cohnheim  hoa  shuwn  that  in 
cases  of  kidney  stone  and  hydronephrosisj  hypertension  and  cardiac  hyper- 
trophy are  also  present,  as  they  are  in  chronic  nei>hritis. 

On  the  other  hand,  the  bhwd-pressure  is  by  no  means  always  elevated 
in  cases  of  chronic  nephritis,  tus  shown  by  the  fact  that  it  was  below  135  mm. 
Hg  in  6  out  of  44  cases,  and  in  other  cases  fell  below  this  level  after  an  initial 
period  of  elevation.  The  low  blood-pressure  is  not  always  a  terminal  event 
even  in  cases  with  markedly  impaired  renal  function,  as  is  shown  not  only 
by  the  autopsy  records^  but  also  by  the  cases  whose  phenolsulphonphthalein 
excretion  has  l>een  found  by  Rowntree  and  Geraghty  to  be  greatly  diminished 
during  life. 

The  chief  other  conditions  in  which  very  high  blood-pressures  are  en- 
countered are  those  associated  with  increased  intracranial  pressure  (menin- 
gitis, fracture  of  the  skull,  brain  tumor,  apoplexy,  hemorrhagic  meningitis) 
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and  aortic  insufficiency.  In  the  latter  condition,  though  the  maximal  pres- 
sure 18  high  the  minima!  is  relatively  low  and  the  puI«e-preRsure  is  relatively 
large.  In  advanced  Basedow's  disease  the  blot>d-pressure  is  usually  con- 
siderably elevated,  though  it  rarely  reaches  190  mm.  and  never  towers  to 
the  extreme  heights  seen  in  chronic  nephritis.  In  contrast  to  the  latter  con- 
dition the  diastolic  pressure  is  not  extremely  elevated  and  the  velocity  of  the 
blood  flow  through  the  arm  is  very  considerably  increased  (Hewlett  and  van 
Zwaluwenburg). 

Roughly  speaking,  the  cases  with  blood- pressure 
permanently  above  two  hundred  millimetres  of  mer- 
cury are  mainly  those  of  increased  intracranial  pres- 
sure, chronic  nephritis,  and  aortic  insufficiency; 
those  between  one  hundred  and  fifty  and  two  hundred 
millimetres,  besides  these  conditions  are  arterio- 
sclerosis, Basedow^s  disease,  chronic  polycythaemia. 
and    high    pressure    stasis    (Hochdruckstauung).* 

Possible  Sources  of  Error- — Just  how  much  of  the  high  reading  of  the  sphygmtv 
manometer  in  chronic  hypertension  is  due  to  actual  elevation  of  hlixKi-jjreasure  and 
how  much  ia  due  to  the  imcompreiwibility  of  the  arterial  wall  owing  to  increased  tonua  (see 
page  29)  is  difficult  to  determine.  George  Johnston,  Savill  and  Russell  have  Bhown  (see  page 
34ti)  that  in  many  of  these  cases  there  is  great  hypertrophy  of  the  ine<lia  of  the  peripheral 
arteries  (see  Plate  X);  and  Rusfiell  claims  that  t!ie  increasefl  tonus  of  the  byiicrtrophied 
media  imparts  to  the  vessel  wall  a  rigidity  which  makes  it  difficult  to  compress.  He  rather 
*ptly  compares  the  artery  with  thickened  media  to  a  thin-walled  rubber  tube,  and  he  finds 
that  such  a  tube  of  the  same  diameter  as  the  radial  artery  may  rec|uire  a  pressure  of  150  mm. 
Hg  to  obliterate  it.  His  suggestions  have  been  confirmed  with  great  care  by  Janeway  and 
Park,  who  fomiJ  that  thickened  arteries,  especially  when  the  muscular  layer  is  rendered 
spastic  by  immersion  in  bariuim  chloride,  may  recjuire  uh  much  as  04  mm.  Hg  to  collapse 
them,  and  that  if  the  arteries  were  boiled  it  might  require  154  mm.  Hg.  The  actual  dii*- 
crepanciea  in  human  beings  have  not  been  studied  on  a  large  scale,  but  V'olhard  has 
found  the  readings  from  a  manometer  inserted  into  one  of 
the  large  peripheral  arteries  with  a  cannula  prior  to  an 
amputation  were  20  mm.  Ug  lower  than  those  obtained  with 
the  R  J  V  a  -  R  o  c  c  i  method.  An  the  results  by  palpation  at  the  wrist  are  5-10 
nun.  Hg,  this  would  indicate  that  the  sphygmornauometric  reading  by  the  auscultatory 
method  would  have  l>een  25-30  mra.  Hg  too  high  in  this  case,  audi  it  is  by  no  means  certain 
that  this  represented  one  of  extreme  grade.  It  is  possible  that,  as  Russell  claims,  this 
error  may  be  doubled  in  certain  cases,  and  that  the  high  readings  in  this  condition  may  be 
obtained  when  the  actual  blixxl-pressurea,  which  are  tiO  mm.  or  more,  lower. 

There  is  at  present  little  concluKive  evidence  uijon  which  to  substantiate  or  to  deny 
this  claim.  It  is  certain  that  when  the  diameter  of  the  arteries  ia  reduced  by  vasoconstric- 
tion, the  resistance  of  their  walls  to  compression  ia  correspondingly  increased,  so  that  this 
factor  probably  plays  a  much  greater  WJle  in  producing  errors  in  blocnl-preasure  rpa<lingis 
in  conditions  of  vasoconstriction  than  in  the  normal  state,  or  in  states  of  arterial  tlilata- 
tion,  such  asare  met  with  in  aortic  insufficiency.  On  the  other  hantl,  the  tremendous  degree 
of  hyi>ertrtjphy  of  the  heart  in  these  conditions  furnishes  good  e\idence  that,  though  pjut 
of  the  high  readings  of  (he  sphygmomanometer  may  he  due  to  this  error  in  the  method, 
the  greater  portion  is  unquestionably  due  to  a  true  elevatiou  of  the  blood-pressure. 

Causes  of  High  Blood «pressu re  in  Nephritis.— The  cause  of  the  high 

blood-pre8siu"e  in  chronic  uophritis  has  been  the  subject  of  much  discussion. 
Traube  and  Cohnheim  believed  that  the  diminution  in  the  blood-channel 
through  the  kidneys  rendered  an  increased  blood-pressure  necessary,    i  n 

•In  many  cases  the  yjeriotlsof  high  blood -pressure  may  be  transitorj',  coming  on  under 
\     ttrain  and  excitement.    In  these  hypertension.  usuaUy  becomes  permanent  later. 
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o  r  tl  o  r    to   maintain    a   sufficiently    r  a  p  i  tl    blood    flow 
through   t  h  e  ft  e  organs;   for^  as  Cohuht^ira  put  it,  an  ^xcoss  of  ex^ 
cretahle  (harnfiihige)  substances  in  the  blood  readily  brings  this  about.    Tha 
the  renal  vesvseis  wore  sclerotic  and  tln'ir  walls  thickened  in  chronic  nophr 
tis  hail  bet-n  shown  by  Gctirge  Johnson  antl  by  Gull  and  Sutton;  but, 
Cohnheim  showed,  mere  cutting  dowii  of  the  pathway  through  the  kidney 
could  not  be  the  cause,  for   total    ligation   of   both   renal    a i 
t  e  r  i  e  8    was    not    followed    by    rise    in    b  1  o  o  d-p  r  e  s  s  u  r  < 
Numerous  WTit^rs  folloAv-iiig  Cohnheim  have  believeii  tliat  the  hjTpertension^ 
wa8  caused  by  the  ai'tion  of  substances  in  the  l>lood  which  are  excretetl  by 
the  healthy  kidney  but  retaineti  when  the  organ  is  diseased,  notably  ure^fl 
the  purin  Ixjdies,  and  the  ammonium  salts.    However,  hypertension  may  occu^^ 
in  conditions  in  which  the  urea  output  is  normal  and  in  which  the  quantity 
present  in  the  blood  is  not  even  as  pjreat  as  in  a  variety  of  other  conditions^ 

Similarly  Erben  has  ascribed  it  to  the  non-coagulable  nitro  g-^^ 
enou8    bodies    (Reststickstoff)    in    the    blood,  among   which 
the  purin  lx>die9,  especially  xanthin  and  hjiioxauthin,  seem  sufficient  to  eaus 
hypertension  (Ooftan),     The  relatitm  of  accumulation  of  these  su butane 
in  the  blood  to  hypertension  does  not  seem  to  be  a  constant  one,  howeve 
(Strauss),  and  the  theory  nniuires  Korne  further  proof. 

Certain  it  is,  however,  that  retluction  of  the  amount  of  kithiey  sul>- 
etance  alone  is  sufficient  to  bring  about  hj7>ertension.     J.  Rose  Bradford 
demonstrated  that  if  more  than  half  the  stibstance  of  the  healthy  dog's  kid- 
ney is  removed  the  remaining  portion  secretes  a  very  abundant  and  \ery 
dilute  urine  resembling  that  found  in  chronic  contracted  kidney.    This  find- 
ing was  confirmed  by    Passler   and   Heineke,    who   removed 
more  than   a  kidney  and  a   half,   bit  by  bit,  and  pro-« 
duceti    both    hypertrophy  of    the    heart    and   persis t-^| 
e  n  t    high     b  1  o  o  d  -  p  r  e  s  s  u  r  e  ,   and   these   ol>«>ervations    have    bi*en 
confirmed  both  by  Sampson  and  Pearce  and  by  Carrel  and  Janeway.     The 
latter  investigators  reduced  the  renal  substance  by  ligating  successively  6ev<M 
eral  branches  of  the  renal  artery  at  long  intervals;  and  fouutl  not  only  hyper-^ 
trophy  of  the  ventricles  of  these  dogs  but  also  a  rise  in  lilood-pressure  of 
over  thirty  millimetres  of  mercury. 

Clinical  evidence,  too,  seems  to  confirm  the  results  of  these  experiment 
for  Buttermann  has  encountered  a  rise  of  60  mm.    Hi 
within    48     hours     after     the     onset     of     nephritis 
scarlet-fever  patients. 

The  ijresence  of  an  internal  secretion  of  the  kidney 
has  also  been  suggested  by  Brov.iwSefjuard  to  explain  the  hypertension,  and 
this  investigator,  as  well  as  Tigerstedtand  Berg- 
mann,  has  shown  that  a  rise  of  blood-pressure  may 
be  produced  by  injecting  renal  extract  ("renin"), 
although,  as  Pearce  has  found,  this  rise  is  both  slight  and  inconstant.  Ex- 
tracts of  iliseascd  kidneys  show  no  striking  difference  from  those  of  normal 
organs  in  this  regard;  so  that  it  would  appear  that  evidence  in  favor  of  this 
theory  of  renal  internal  secretion  is  insufficient  to  admit  of  its  acceptance. 

Still  another  tlieory  which  has  gained  many  advocates  in  recent  years 
is  that  of  a   hypersecretion   of   adrenalin    (athrenalinaemia)  in 
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these  cases;  and  this  theory  has  l>een  supportctl  by  the  observations  of  Josue, 
Vaquf^z  and  Aubortin,  Wiesel,  and  nthers  (see  page  356),  tliat  in  certain 
cases  of  hypertension  and  hypertrophy  of  the  heart  there  was  actual  hyper- 
trophy of  the  adrenal  cortex.  The  hopes  of  the  adherents  of  this  theory 
have  been  somewhat  blasted  by  the  fact  that  C  o  li  n  has  found  the 
same  adrenal  hypertrophy  present  in  ai>out  an 
equal  proportion  of  cases  in  which  there  was  no 
hypertension  or  hypertrophy  of  the  heart,  and,  (jn 
the  other  hand,  that  the  latter  conditions  were  by  no  means  always  accom- 
panied by  liypertrophy  of  the  adrenals. 

Physiological  evidence  also  has  pointe<l  in  the  same  way.  Schur  and 
Wiesel  found  that  the  seruin  of  patients  with  hypertension  causeit  contrac- 
tion of  the  pupil  of  the  excised  frog's  eye  (Ehrmi^nn's  reaction  fur  adi'enaiin), 
and  Frenkel  has  been  unable  to  produce  relaxation  of  the  muscle  of  the  mam- 
niaiiaii  ut<'rus  profused  with  oxyRcnated  Locke  solution  to  which  serum  of 
j*uch  patients  had  been  added.  As  the  latter  represents  the  most  delicate  and 
certain  of  the  tests  for  adrenalin,  its  absence  may  be  taken  to  indicate  that 
in  these  cases  there  was  no  increased  amount  of  adrenalin  in  the  bhiod.  It 
will  appear  from  the  forej^oing  that  t\w  hypertension  of  chronic  nephritis 
still  awaits  satisfactory  explanatiiHi. 

The  high  blood-pressure  of  chronic  nephritis  is  almost  certainly  accom- 
panie<l  by  a  tremendous  vasoconstriction,  for  the  diastolic  blocxl-pressure 
also  remains  high,  and,  as  Hewlett  and  van  Zwalu  wen  burg  have  showTi, 
the  velocity  of  blood  flaw  through  the  arm  remains  normal  in  spite  of  the 
increased  pressure.  Keith,  Howntree.  and  Geraghty  have  found  that 
the  volume  of  the  blood  (jliu^nm  may  remain  mirma!  or  even  be  dimin- 
ished in  chronic  hj-pertension,  so  that  plethora  cannot  play  a  r6le  in  its 
causation. 

Arteriosclerosis  and  Hypertension, — Hasenfeld  ha«  claimed  that  high 
blood-pressure  and  hypertrophy  of  the  heart  ocfur  in  those  cases  of  arterio- 
sclerosbs  in  which  there  are  lesions  in  the  splanchnic  arteries  or  the  aorta 
above  the  diaphrsigra,  and  Longcope  and  McClintock  have  shown  that  a 
distinct  rise  of  blood-pressure  may  be  produced  in  dogs  whenever  the  supe- 
rior me.senteric  artery  is  occluded.  Marchand  and  Jores,  on  the  other  hand, 
find  that  lesions  of  these  vessels  are  by  no  means  always  associatecl  with 
cardiac  hypertrophy  and  hypertension.  Jores  even  goe^j  so  iixr  as  t-o  claim 
that  they  occur  almost  exc!u.sively  in  the  cases  with  small  red  kidney.  In 
this  form  he  finds  that  the  most  striking  change  is  an  arteriosclerosis  in  the 
renal  arteries  beginning  in  '^.he  glomeruli  and  smaller  vessels  and  gradually 
involving  the  larger  branches  (arteriocapiltary  fibrosis,  Gull  and  Sutton). 
The  autopsies  made  at  the  Johns  Hopkins  Hospital,  however,  do  not  bear 
out  Jores's  contention  that  the  small  red  kidney  is  the  only  form  associated 
with  high  blood-pressure  and  nephritis. 

If  the  patient  does  not  die  of  intercurrent  infection,  heart-failure  sets 
in  in  the  course  of  a  few  years,  with  gradually  <leveloping  dyspncea,  ana- 
sarca, hydrothorax,  progre8siv<»  dilatation  '>f  the  heart,  ami  relative  tricuspid 
insufficiency. 

Effects  of  Chronic  Hypertension  upon  the  Circulation. — When  the 
blood-pressure  remains  elevutetl  to  the  heights  mentioned  above,  the  work 
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of  the  heart  is  considerably  augment t'll.    If  this  l>e  calculate  simply  as  work 
of  heart  =  maxiraal  btood-pressure  X  puit*e-rate,  it  will  \ye  seen  that  the  latter, 
may  readily  be  more  than  doul>lod  without  bringing  a}>oiit  any  improvement 
in  the  rirculation,  and  in  the  course  of  several  years  thin  overwork  usually' 
impairs  the  strength  of  the  heart.    When  the  pulse-rate  Ix'comes  more  rapid,  _ 
which  usually  occurs  as  heart-failure  sets  in,  the  work  of  the  heart  may 
increased,  and  a  vicious  circle  is  introduced.    This  is  sometimes  aecompanie 
by  a  fall  of  bhwd-pressure  Hhortly  before  death,  but  in  many  cases  the  pr 
sure  remains  elevated  until  the  end. 

Many  of  these  patients  are  entirely  free  from  symptoms  for  some  years 
after  the  onset  of   the  hj'pertension,  and  then  liegin  with  only  occasional 
headaches,  frequent  micturition  at  night,  and  palpitation.    Sooner  or  latcir^ 
a  tendency  to  fatigue  and  lassitude  sets  in.  and  then  the  actual  failure  oS^ 
the  heart.    In  not  a  few  of  the  cases  the  course  is  interrupted  by  the  onset 
of  ursemia.  resulting  in  death. 

In  patients  with  simple  arteriosclerosis  the  blood-pressure  rarely  if  ever 
rises  to  the  heights  reached  in  many  cases  of  nephritis,  and  it  is  almost  always 
well  l>elow  19()  mm.  Hg.  The  urine  may  contain  albumin  and  cast,s,  but 
the  phenolsulphonphthalein  excretion  is  undimimshed  (Rowntree  and  Ger- 
aghty).  The  Hymptoms  are  usually  confined  to  those  of  circulatory  failure, 
although  headaches  may  arise  from  cerebral  arteriosclerosis  and  nocturnal 
micturition  may  be  due  to  impairment  of  the  general  circulation.  ^™ 

Cerebral  Hemorrhage  and  Hypertension. — A  considerable  number  ov^ 
cases  of  chronic  high  bl<x>d-pressure  are  sooner  or  later  associated  with  cere- 
bral hemorrhage,  owing  in  part  to  the  fact  that  mesarteritis  of  the  cerebral 
vessels  is  particularly  common  in  chronic  nephritis,  and  in  part  to  the  fact 
that  the  high  blood-pressure  imposes  a  very  severe  strain  upon  the  walls  of 
the  arteries  antl  thus  leads  to  their  rupture.  The  rupture  in  turn  leads  to 
hemorrhage,  anti  the  pressure  from  the  hemorrhage  upon  the  surrountling 
tissue  and  the  oedema  of  this  injured  tissue  lead  in  turn  to  increased  intra- 
cranial tension  and  thus  to  a  further  increase  in  the  blood-pressure  itself; 
80  that  a  vicious  circle  is  introduced:    . 


High  blood-pressure.      Cerebral  hemorrhage. 


Moreover,  as  Cushing  has  shown,  the  mere  anaemia  of  the  brain  leads 
reflexly  to  still  further  va.'^oconstric'tion  until  the  blood-pressure  is  increased 
above  the  intracranial  pressure  so  as  to  bring  sufficient  nourishment  to  the 
brain  in  spite  of  the  local  conditions. 

Treatment  of  chronic  hypertension  may  be  undertaken  in  two  ways, 
either  by  attempfing  to  reduce  the  pressure  directly  by  dilating  the  periph- 
eral arterioles  witli  drugs  of  the  nitrite  series  or  va.sotonrn  (yohimbin- 
urcthaiie)  or  by  attempting  to  alle\'iatc  the  factors  which  lead  to  the  vaso- 
constriction. 

The  advisabihty  of  attempting  to  dilate  the  arterioles  "with  nitrites  or' 
vasotonin  depends  upon  whether  the  high  blood-pressure  arises  incidentally 
or  whether  it  is  a  phenomenon  of  physiological  compensation.  For  example, 
in  conditions  accompanied  by  increased  intracranial  pressure,  as  Cushing 
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has  shown,  the  vasoconstriction  goes  on  until  the  blooti-pressure  rises  above 
the  intracranial  pressure  and  the  requisite  amount  of  blood  is  shunted  through 
the  brain.  If  this  vasoconstriction  is  antagoiiized  by  the  action  of  nitrites 
and  the  vasoconstriction  is  prevented^  the  heart  must  be  stimulated  to  far 
greater  efforts  in  order  to  nourish  the  brain,  and,  if  the  treatment  is  pushed 
still  further,  the  patient  may  suffer  distinctly  from  the  effects  of  cerebral 
anseraia.  In  the  past  decade,  be^fore  this  fact  was  recognize*!,  the  writer  has 
seen  this  borne  out  in  patients  with  apoplexy,  whose  general  condition  and 
mental  condition  were  decidedly  worse  during  periods  when  the  preissure 
was  reduced  by  nitrites  than  it  was  during  those  when  the  hj'pertension  was 
not  interfered  ^ith. 

On  the  other  hand,  as  se<m  in  some  cfises  of  vasomotor  crisis,  the  vaso- 
constriction may  aiso  be  merely  an  accessory  phenomenon  bearing  no  rela- 
tion at  all  to  any  physiological  need,  and  the  pressure  is  then  raised  merely 
in  order  to  force  the  blood  through  the  constricted  arteries  at  its  usual 
velocity. 

The  exact  mechanism  which  brings  about  the  rise  in  pressure  in  chronic 
nephritis  is  not  well  understood,  nor  has  it  been  conclusively  provetl  whether 
this  is  a  toxic  or  a  compensatory  phenomenon,  though  Janeway  leans  to  the 
latter.  Fellner  believes  that  there  is  sometimes  an  over-compensation,  in 
which  a  slight  but  nut  a  great  reduction  of  blood-pressure  is  beneficial. 
Whatever  be  the  explanation,  Matthews  has  shown  that,  though  the  hyper- 
tension can  be  reduced  by  comparatively  small  doses  of  nitrites  in  the  early 
stages  of  chronic  nephritis,  these  drugs  become  much  less  effective  after  the 
disease  is  far  advanced. 

On  the  other  hand,  some  benefit  may  be  obtained  by  modification  of 
the  diet,  especially,  as  Widat  has  shown,  by  reducing  the  amount  of  salt 
ingested.  With  the  decrease  in  salt  in  the  food,  there  follows  in  many 
cases  a  decreased  need  for  water,  for  Erich  Meyer  has  shown  that  the 
contracted  kidney  is  unable  to  excrete  more  than  a  certain  definite  can- 
centration  of  salt  in  the  urine;  an  excess  of  water  is  needed,  therefore,  to 
carry  away  the  salt. 

Meats  should  l>e  either  entirely  eliminated  from  the  diet  or  taken  but 
once  a  day,  while  bouillon  and  meat  soups  and  the  glandular  organs  (sweet- 
breads, liver,  kidneys,  spleen,  lungs),  which  are  particularly  rich  in  purins, 
should  not  be  taken  at  all. 

The  patient  should  be  made  to  live  a  life  as  free  as  possible  from  over- 
exertion and  over-excitement,  and  h<j  should  take  hot  baths  rather  than  cold 
ones,  to  dilate  his  arteries  rather  than  constrict  them  more  than  is  necessary. 
For  the  same  rea.'<f)n  he  should  be  warmly  clothed  during  the  periods  when 
the  weather  is  at  all  cool. 

For  the  symploms  of  cardiac  we^ikness  themselves,  or  in  order  to  ward 
them  off,  digit^ahs  may  be  administered,  either  in  the  tincture  or  the  mtjre 
modern  special  preparations,  or,  on  the  other  hand,  be  given  as  the  infusion, 
which  is  preferred  by  many  clinicians  for  the  treatment  of  this  condition. 
In  cases  of  chronic  nephriti:*,  however,  the  effect  of  digitaUs  Is  at  best  only  pallia- 
tive, for  the  agent,  toxic  or  secretoiy,  which  has  led  to  the  hypertension  and 
the  hypertrophy  of  the  heart  has  already  exerted  an  action  quite  similar  to 
that  of  the  drug  itself;  and  the  eiTect  to  be  obtained  is,  therefore,  but  limited. 
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Prognosis. — ^J.  W.  Fisher  has  found  from  the  exteaave  statistics  of  the 
Northwestern  Mutual  Life  In.surance  Co. : 

I.  That  a  persistently  high  arterial  teosioQ  will  result  in  an  ejcceasive  | 
mortality  for  the  age  of  the  individual,  and  that  the  higher  the  arterial  ten-  . 
sion  the  greater  is  the  mortahty. 

II.  That  a  persistent  systolic  blood  tension  uf  about  12  mm.  above  the 
average  for  the  age  would  seem  to  indicate  the  limit  of  normal  variation  in  mao. 

PATHOLOGICAL   CONDITIONS   ASSOCIATED   WITH    LOW    BLOOD-PRESSURE  J 

(HYrOTENSION).  I 

Although  the  occurrence  of  low  blood-preiisure  is  usually  associated  I 
in  the  mintl  with  the  idea  of  a  diseas.?d  heart,  sucli  is,  as  a  rule,  not  the  cjise. 
In  fact,  in  most  chronic  diseases  of  the  heart  the  maximal  pressure  is  in- 
creased rather  than  decreased,  as  has  been  shown  above.  In  one  case  of  " 
aortic  insufficiency,  for  example,  the  writer  found  a  maximal  pressure  of 
150  and  a  minima)  pressure  of  110  two  minutes  before  death,  in  spite  of  in- 
tense heart  failure. 

A   low  blood-pressure    is   more    comuionlyaii   index    of  fail- 
ure   of   the   V  Ji  s  o  lu  o  t  o  r  centre    than   of    t  li  e    heart,  and  occurs  iu  con- 
ditions where  the  strength  of  the  heart  is  tminjured  (Romberg  and  I'iissler,  Hasenfeld  and  i 
Fenevussy,  Crilt?). 

Conditions  in  wliich  low  blood-pressure  is  found  are;  ] 

1.  Acute  infeclious  diseases  except  nicniugitis  (where  the  blood-pressure  is  liigh  * 
from  increased  iutnicranial  tension).  Romberg  und  PiLssler  have  atiown  ihrit  bncterial 
poi*;in9  diniiniah  the  tonic  activity  of  the  viisomotor  centre,  and  may  even  paralyse  it. 
Thr*  strength  of  the  heart  is  shown  to  be  undiuiinwhed  if  the  vnsodilation  is  counteracted  by 
iidrenalin.  compassion  of  the  abdi>mintd  uorUi,  etc.  The  blood-pressure  fatia  Ix^cause  the 
arterioles  are  dilated  and  the  overHow  from  the  arteries  is  too  rafiid  (muxiuiul  pressure  IKJ  to 
110,  miniraul  pressure  ,^0  to  IK),  pulsc-ratx^  increased,  see  table,  page  41). 

The  lowest  l>lood-pres«ure  ia  in  typhoid  fever  (Baraeh)  and  peritonitis, 
where  the  dilatation  of  abdorainal  vessela  from  the  local  inilamiiuition  add  their  effect  to 
that  of  tl)C  cutani^tus  Viu'*odi1ation.  In  typhoid  fever  the  writer  has.  .seen  maximal  pressures 
as  low  iis  65  mm.  Ilg  (Riva-Ilocci),  althoiJigli  maximal  100  to  120  with  minimal  60  to  *M  ia 
more  common.  Crile  and  Briggs  liave  described  rises  in  bl«>d-pressiire  at  the  onset  of  per- 
foration due  to  splanchnic  stimulation,  but  the  writ^'r  hju<  had  two  c^isiea  (one  of  which 
is  raontioued  by  BriggsJ  in  which  Inactivity  of  the  vasomotor  centre  prevent<^?d  this  rise 
from  occurring. 

In  pneumonia  the  blood-pree»iire  may  not  be  changed  much  (maxinia]  1 10  to 
130.  minimal  1K3,  pnlse-rate  120);  it  may  rise  as  mild  asphyxia  sets  in,  or  it  may  fall  very 
low  from  vasomotor  paralysis. 

In  diphtheria,    scarlet  fever,  measles,  acute  rheumatism, 
and  in  fact  in  all  other  acute  infectious  diseases,  the  maximal  pressure  usually  falis  below  ' 
100  during  the  height  of  the  fever  (Weigert). 

2.  Phthisis. — In  tiiis  disease  all  ranges  of  blood -pressure  may  be  found.    John,  Nau-  I 
mann,  Burckhardt,  and  Stanton  have  found  umformly  low  prcssiu-es,  IMJ  to  100  mm.  with  I 
the  Gacrtner  and  Riva-Iiocei  apparatus.      Janewuy  found  that  vurialions  of  maximal  pres- 
sure l>etween  80  and  120  mm.  ilg  are  common  in  the  same  patient.    Tlic  pulse-rate  is  usually  i 
rapid,  80  to  100  per  minute.     Peters  linds  that  there  is  usiially  a  rls<^  of  btood-pressure 
when  bni*rovement  seta  in,  and  a  fall  when  the  case  is  getting  worse. 

3.  Shock. — Ctolti  in  1863  found  that  if  a  frog  were  tapped  upon  the  aMomen  the  heart 
stopped  beating  for  a  while  and  then  resumed  contraction,  but  the  arteries  were-  then  pale 
and  small  and  the  circulation  very  much  retardfid.  lie  found,  on  the  other  hand,  that  the 
abdominstl  veins  were  very  full,  and  that  the  vasomotor  nerves  supplx-ing  the  abdominal 
veaaels  were  no  longer  active.  He  regarded  thw  vasomotor  paralysis  as  the  cause  of  trau- 
matic shock,  a  view  which  woa  further  applied  to  surgical  shock  by  various  cliniciana, 
among  them  Keen,  Mitchell  and  Morehouse  (1864),  I^auder  Brunton  (1873),  and    Crile 
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(1908).  Acting  upon  thia  hj'pothesis,  Crile  attempts  to  counteract  the  vasomotor  paxalyma 
by  putting  a  double-walled  rubber  suit  upon  the  patient  and  infiating  it  until  the  pressure 
upon  the  abdomen  and  lower  extremities  compensates  for  the  loss  of  vaHcular  tone.  The 
common  practice  of  elevating  the  feet  hus,  of  course,  the  same  effect. 

The  conception  that  the  vasomotor  centre  is  paralyzed  in  shock  is  contradicted  by 
tJ»e  observations  of  Porter,  who  found  that  it  was  still  active;  and  Seetig  and  Lyoti  have  also 
shown  that  the  peripheral  vasoconstrictor  nerves  of  the  leg  are  in  tonic  activity  during 
severe  shock.  Still  further  they  have  shown  that  the  arteries  of  the  retina  are  distinctly 
contracted  during  shock,  and  that  various  organs  (kidney,  etc.)  removed  during  shock  are 
relatiT<dy  ansmic  as  compared  with  those  removed  with  a  normal  circulation. 

Moreover,  they  found  that  the  outflow  from  a  cannula  introduced  into  the  femoral 
vein  was  only  one-third  as  fast  when  the  animal  was  in  shock  aa  when  it  was  normal.  Their 
observations  seem  to  substantiate  in  every  way  the  claim  of  Malcolm,  on  purely  clinical 
grounds,  that  the  trouble  could  not  be  due  to  dilatation  of  the  peripheral  vessels. 

More  recently  Yandell  Henderson  has  exjjounded  a  new  theory  for  the  production  of 
shock:  He  noticed  that  in  experiments  ujwn  aniraolH  under  artificial  rctipiration  shock 
occurred  with  great  frequency  in  those  animals  in  which  the  ventilation  of  the  lungs  had 
been  excessivt,  and  he  was  even  able  to  induce  death  from  shock  by  excessive  ventilation 
or  to  retain  a  slow  pulse-rate  and  a  high  bIoo<l-preasure  by  limiting  the  latter,  in  which  the 
animals  remained  in  good  condition  in  spite  of  severe  operative  procedures.  In  this  respect  he 
was  able  to  show  that  the  ill  effects  of  over-ventilation  were  due  to  the  washing  out  of  CO3 
from  the  blood,  bringing  about  the  condition  of  acapnia,  or  low  CO2  in  the  blood,  which 
MosBO  bad  found  to  produce  the  s}'ncope  of  mountain  sickness,  and  which  Ilatdane  and  his 
collaborators  had  found  to  be  responsible  for  many  conditions  of  weakness  in  man  aa  rt«ult- 
iog  from  too  rapid  breathing..  Henderson  believes  that  in  most  cases  of  surgical  shock  or 
cUnical  syncope  the  rapid  breathing  (hypcrpncca)  is  the  underlying  factor,  and  that  the 
sequence  of  events  is  as  follows:  (1)  pain  or  emotion;  (2)  hypcrpncra;  (3)  overoiirution  of 
the  blood  (lowering  of  the  COj  content,  acapnia),  dilatation  of  the  veins,  accumulation  of 
the  blood  in  the  lattej*  and  transudation  of  fluid  into  the  ii.ssu€»s;  {4)  lowering  of  the  pressure 
in  the  veins  and  hence  diminished  entry  of  blood  into  the  heart;  (5)  fall  in  arterial  pressure, 
accompanied  by  loss  of  arterial  tone  (vasodilation);  (0>  cerebral  anH?mia  and  syn<x>pe. 

Gat4?h  has  shown  that  rebreathing  c.x'pired  air  diminishes  the  ill-effects  of  anesthesia 
upon  the  circulation 

Though  Henderson's  studies  have  established  the  fact  that  the  condition  of  acapnia 
when  present  demands  symptomatic  treatment,  he  has  not  definitely  proved  that  it  is  the 
underlying  cause  of  all  shock.  Indeed,  H.  H.  Jaaeway  has  demonstrated  that  forced 
v«otilation  of  the  abdominal  cavity  without  handling  of  the  intestines  does  not  lead  to 
sbock.  Jaoeway's  experiments  have  been  confirmed  by  T.  Snodgrass  and  O.  H.  Klingen 
in  the  writers  laboratory. 

ElUott  (Brit.  M.  J.,  1914,  i,  1393)  and  Corbett  (J.  Am.  M.  Assoc,  1915,  bcv,  380)  have 
shown  that  during  shock  the  adrenals  become  exhausted  of  adrenalin,  but  H.  C.  Jackson 
(Proc.  ikiC.  Exper.  Biol,  and  Med.,  1916,  xiii,  85)  found  an  increased  amoimt  of  adrenalin 
in  the  vena  cava  after  sliock  had  set  in,  proving  that  this  condition  is  not  due  to  adrenal 
exhaustion.  Corbett  and  Rowntree  and  also  Caiuion  have  found  acidosis  present  in  sur- 
gical shock. 

In  fevers  the  high  temperature  gives  rise  to  a  slight  t>olypna'a  and  also  fa  von 
the  evaporation  of  COi  from  the  lungs,  and  Minkowski'  and,  later,  Caspori  and  Loewy' 
have  found  tltat  the  COj  content  of  the  blood  is  lowered,  as  well  as  the  0|.  This  would 
strengthen  the  resemblance  between  the  circulator}-  failure  of  fever  and  that  of  shock 
according  to  Henderson's  theory  of  acapnia,  WoliT'  has  shown  with  the  ferrocyanide  test 
that  the  velocity  of  the  circxilation  through  the  body  is  about  30  per  cent,  slower  during 
fever  than  in  health. 

Newbuigh  and  Lawrence  (Arch.  Int.  Med.,  1914,  xiii,  287)  have  shown  that  warming 
the  blood  bathing  the  medulla  causes  fall  of  bloml-pressure. 

■  Minkowski,  O. :  Ueljer  den  Kohleusauregehalt  dea  ajteriellen  Blutes  beim  Kieber, 
Arch.  f.  exper  u.  Pharmiakol.,  1885,  xix,  209. 

*Caspari,  W.,  and  Loewy,  A.:  Ueljer  den  Einfluss  gesteigerier  Korfwrtemperatur  auf 
das  \  erhaJten  der  Blutgasen.,  Biochem.  Ztuchr.,  BerJ.,  1910,  xxvii,  40o. 

*  Wolflf,  E.:  Ueber  die  Umlaufsgeschwindigkeit  des  Blutes,  Arch.  f.  ex{>er.  Path,  u, 
Phannakol.,  Leipz..  1885,  xix.  265. 
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4.  Collapse  from  various  poisons,  carbolic  and  salicylic  acid,  arsenic,  phosphoru8» 
drugs  of  the  untipyrctic  series,  etc.,  is  due  to  the  same  cause — failure  of  the  vaaocon- 
strictor  centre — and  likewise  is  accompanied  by  low  blood-presaure, 

5.  After  extensive  hemorrhage  a  fall  of  blood-pressure  seta  in  (except  after  vene- 
section in  some  cases  where  a  failing  heart  is  relieved),  owing  to  lack  of  blood  to  fill  out  the 
artcriea.  This  is  usually  relieved  by  subcutaneous  or  intravenous  NaCl  infusion,  or  even 
by  direct  arterial  transfusion  (Crile). 

6.  In  diarrhoea,  dysentery,  cholera,  or  after  profuse  vomiting,  as  from  cancer 
of  the  stomach,  intestimil  obstruction,  peritonitis,  etr.,  when  large  amounts  of  fluid  have 
left  the  body,  the  arteries  may  also  be  depleted  of  fluid  and  a  very  low  blood-pressure  result. 
This  is  also  relieved  by  infusion. 

7.  In  pleurisy^  especially   pleurisy    with    effusion,   blood-pressure  is  uhhh 
formly  low,  V 

8.  Pericarditis  is  accompanied  by  low  blood-pressure  (maximum  100  to  120,  mini- 
mum 70  to  iH\  pulse-rate  increased  J  unless  complicated  by  hypertrophy  of  the  heart  or 
some  other  factors. 

9.  Acute  cardiac  diseases  of  all  types,  which  have  not  been  preceded  by  chronic  proo- 
esses  and  arc  not  associated  with  markisd  cyanosis.  Here  the  above-men tionwl  toxic  action 
on  the  vasomotor  centre  is  usually  present  if  the  endocarditis  is  of  the  infectious  variety, 
ami  besides  there  is  some  weakening  of  the  heart.  The  quickened  pulso-rale  prevents 
<."()^  from  accumulating  in  the  blood  and  the  aaphyxial  rise  in  pressure  docs  not  occur. 
K.  Weigert  reports  all  ranges  of  pressure  between  95  and  140  mm.  Hg. 

10.  In  chronic  mtlral  stenosis  the  maximal  and  minimal  pressures  are  usually  nomtal 
or  a  little  below  normal,  when  the  left  ventricle  does  not  hypertrophy;  but  this  may  vary 
considerably. 

11.  Chronic  wasting  diseases,  cancer,  chronic  phthisis,  anaemias,  etc.,  are  associated 
with  brown  atrophy  of  the  heart  muscle  (see  page  289)  with  weakened  heart  action,  hence 
with  lowered  blood-pressure  (10  to  20  mm.  lower  than  normal,  pulse-rate  usually  increased). 

BLOOD-PRESSURE  IN  THE  VEINS. 

Various  methods  have  been  devised  for  the  determmation  of  the  venous 

blood-pressure  in  man,  the  first  being  introduced  by  v.  Basch  and  being 
but  a  slight  variation  of  his  arterial  sphygmomanometer. 

A  very  similar  apparatus  has  been  construct^  recently  by  Sewall,  but  this  gives 
rather  imsatisfactory  results  in  practice.  V.  Frey  and  later  Gaertner  also  determined 
the  pressure  by  considering  it  equal  to  the  height  above  the  angle  of  Ludwig  at  which 
the  veins  of  the  hand  could  be  seen  to  collapse.  This  method  is  not  quite  as  goo<I  as  the 
former.  A  considerable  advance  was  made  by  v.  Recklinghausen,  who  compressed  the 
vein  by  inflating  a  small  rubber  capsule  provided  with  a  glass  window  in  the  top  and  a 
rubber-dam  floor  having  a  hole  in  its  centre.  This  dam  was  coated  'ft'ilh  glycerin  so  as  to 
insure  perfect  contact.  It  is  then  placwl  tivcr  a  vein,  jjreferably  upon  the  back  of  the  hand 
or  wri.Ht,  and  the  system  blown  up  until  the  %'cin  can  be  seen  to  disappear,  at  which  point 
the  pressure  is  read  off  upon  a  water  manometer.  Eyster  and  Honker  have  modifie<i  this 
chamber  by  constructing  one  of  akiminum  with  the  entire  top  of  glass  and  the  two  ends 
concave  so  as  to  avoid  pressure  upon  the  veins,  and  their  apparatus  seems  to  give  results 
concordant  within  I  cm,  IIjO.  They  find  that  the  normal  venous  pressure  at  the  stemo- 
xiphoid  articulation  is  5-10  cm.  HjO.'  It  is  increased  by  exercise  and  in  cardiac  caws 
with  broken  compensation,  when  it  may  rise  to  27  cm.  or  over.  When  the  veins  arc  not 
Bufficiently  distended  at  that  level  the  iiand  may  be  lowered  a  known  distance,  the  pres- 
■ure  read;  and  the  distance  lowered  subtracted  from  the  amount  of  the  reading  will  repre- 
sent the  venous  pressure.  In  cases  where  phlebosclerosis  ia  present  no  satisfactory  deter- 
minations could  be  made. 

>  These  figures  agree  well  with  direct  manometrie  determinationB  recently  made  ia 
man  by  Morita  and  v.  Tabora  (Verhandl.  d.  Kong.  f.  innere  Med.,  1909,  xxvi,  378). 
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The  pressure  in  the  capillaries  of  vascular  area*;,  especially  of  the  lips, 
may  be  determioed  in  the  same  way,  using  the  jKJint  of  blanching  as  the 
crit«ion. 

The  study  of  the  venous  pressure  is  of  undoubted  importance  as  an  index 
of  accumulation  of  the  blood  in  the  systemic  circulation  and  thus  as  an  index 
of  heart -failure.  Moreover,  it  is  the  most  important  physiological  factor 
bringing  about  variations  in  the  volume  of  the  heart;  a  high  venous  pressure 
causing  dilatation,  a  low  venous 
pressure  causing  diminution  in 
volume  (insufficient  filling).  This 
may  prove  to  be  an  important 
factor  in  bringing  about  certain 
conditions  in  which  there  is  "ar- 
terial anaemia"  (shock,  cardiac 
neurosis,  etc.). 

THE  PULMONARY  CIRCULATION. 

Before  birth  the  resistance  in 

*'  I'  vessels  of  the  collapsed  lung 

rr..-i*^r  than  that  in  the  sys- 

trteries,  and    hence   blood 

'  the  pulmonary  artery 

;»  through  the  ductus 

arteriosus  (BotalU). 

Am  the  blood-pressure  in  young  in- 
fants is  80  mm.  Hg  (Trumpp),  it  must 

be  aosumed  that  the  pulmonar}'  pressure 

b  Bootewhat  greater  than  this.  When 
[  the  tirea  of  lung  capillaries  w^idens  with 
[  the  first  inspiration,  the  resistance  in  the 

pulmonary  vessels  decreases  very  mark- 
^cdly.  This  decrease  continues  during 
I  the  period  of  infancy  until  the  lung  is 
I  fully  expanded.  According  to  a  number 
I  of  obeervers  (Beutncr,  Lichtheinj,  Open- 

chowaki,  Bradford  and  Dean,  Flumier), 

the   niean  pressure  in  tlie  pulmonary 

artery  of  rabbits,  cats,  and  dog3  varies 

from  6  to  35  mm.  Hg.     Wtggera  has 

found  that  the  maximal  pressure  in  t  he  pulmonary  artery  in  dogs  varies  between  36  and  48 

nun.  Hg,  the  minimal  between  5  and  12  mm.,  and  the  pulse-pressure  between  22  and  41  mm. 

Since  it  is  the  difference  of  pressure  betwtH^n  pulmonary  artery  and 
pubnoaary  vein  which  drives  blood  through  the  lungs  it  may  easily  be  seen 
how  a  slight  rise  of  pressure  in  the  latter  lensens  the  flow. 

Work  of  the  Right  Heart.^ — The  pressure  within  the  pulmonary  artery 
and  hence  the  work  of  the  right  heart  variea  within  widti  limits  under  e.xperi- 
meotal  conditions.     (Wiggers  (Am.  J.  Physiol.,  1914,  xxxv,  124)  finds  13  to  20 

tmin.  Hg  nonnal  in  dogsj 
The  variations  are  in  part  passive,  due  to  passive  stasis,  and  in  part  due 
to  vasomotor  changes  in  the  pvlmonary  vessels. 


Fio.  31. — Uooker  anc]  Ey8t«r's  modifieation  ol 
V.  Recklinchausea'a  meUiud  of  (fet«rmiaiQ|  tlie  veaoua 
l>ressur«  iti  lutui. 
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The  conditions  in  which  the  changes  in  pulmonary  pressure  arise  pas- 
sively from  changes  in  the  left  ventricle  are  the  most  common  and  are  clin- 
ically the  most  important. 

Increased  mean  pulmonary  prcbsure  may  arise: 

1.  When  an  increaaed  amount  of  blood  enters  the  right  heart  from  the  veins  and  m 
expelled  into  the  pulmonary  artery. 

2.  The  pulmonary  blood-pressure  also  undergooa  rhythmic  variations,  falling  during 
inspiration  as  a  result  of  suction  (as  ahown  by  de  Jager)  and  rising  during  eKpiration. 

3.  When  the  left  ventricle  fails  to  pump  an  equtU  amount  onward  into  the  aorta, 
causing  blood  to  accumulate  in  the  pulmonary  capillaries  until  these  are  overfilled  and 
aid  in  increasing  the  resistance  in  thia  circuit,  (The  left  ventricle  acts  upon  the  pulmonary 
circulation  as  a  suction  pump.) 

4.  Probably  from  constriction  of  the  pulmonary  arteries  under  the  influence  of  vaao* 
motor  nerves. 

Pulmonary  Vasomotor  Nerves. — The  existence  of  vasomotor  nerves  in 
the  pulmonary  artery,  firHt  suggested  by  Brown-S^quard  (1870  to  1873)  and 
later  by  Badoud,  has  been  much  disputed,  but  seems  now  to  be  proved. 

FranQoit^Franck  h&'^  shown  that  Ptimulation  of  the  lower  cervical  and  upper  five 
thoracic  ganglia  in  the  dog  uniformly  caused  a  rise  of  blood-pressure  in  the  pulmonary  | 
arterj\  a  fall  of  pressure  in  the  left  auri<'lo,  and  an  increase  in  the  volume  of  the  lunga, 
probably  due  to  accumubtion  of  blood  on  the  arterial  side  of  the  capillaries.  This  rise  in 
pulmonary  pressiu-e  bore  no  constant  relation  to  tlje  pressure  in  the  fenjoral  artery,  which 
Bomelinn'S  rose  and  souietimes  fell.  Thia  evidence  strongly  favors  the  cvistence  of  va.<3ocon- 
Btrictor  fdjres.  Fran<;ois-Franck  showed  further  that  these  same  changes  in  pulmonary 
arterial  pressure,  left  auricular  pressure,  and  lung  volume  occurred  reflexly  when  the  central 
end  of  the  fcrnoral  nerve  or  a  proximal  branch  of  the  solar  plexus  was  stimulated.  Thia 
reflex,  as  he  shows  in  a  Hubse<iuent  paper,  may  have  important  bearings  in  the  production 
of  certain  cardiac  symptoms  and  in  influencing  the  course  of  cardiac  diseases. 

Action  of  Drugs  on  the  Pulmonary  Circulation.^ — Fran^ois-Franck's  re- 
searches are  very  convincing.  They  have  been  confirmed  by  H.  C.  Wood,  Jr., 
and  others,  and  are  accepted  by  as  keen  a  critic  as  Tigerstedt;  but  Wood,  Jr., 
and  also  Petit  jean  have  found  that  all  drugs  exert  a  much  less 
marked  effect  on  the  pulmonary  circulation  than  on 
the  systemic.  Wiggers  finds  that  adrenalin^  digitalis^  and  strophan- 
thin  increase  the  pulmonary  arterial  pressure  and  also  increase  both  arterial 
and  venous  hemorrhage  from  the  pulmonary  vessels.  The  nitrites  increase 
both  under  normal  conditions  but  dimiuish  both  in  the  last  stages  of  hemor- 
rhage. Ergotoxin  sometimea  raises  and  sometimes  lowers  pulmonary  arterial 
pressure  normally,  but  has  little  effect  during  hemorrhage.  Under  normal 
conditions  it  seems  to  diminish  the  pressure  in  the  pulmonary  veins.  Chloro- 
form always  diminishes  both  the  pressure  in  the  pulmonary  veins  and  arteries 
and  lessens  ln'niorrhagc  from  the  lungs.  Pituitary  extract,  however,  according 
to  the  studies  of  Wiggers,  exerts  the  most  favorable  action  of  all,  for  the  in- 
flow of  blood  into  the  right  heart  is  diminished,  and  pari  passu  with  this  a  \ 
fall  in  pressure  in  the  pulmonary  vessels  and  a  diminution  of  hemorrhage  I 
from  the  latter  result,  which  is  particularly  marked  in  aniemie  conditions. 
Pituitary  extract  would  thus  appear  to  be  tfie  drug  indicated  for  the  relief  of 
pulmonary  hemorrhage,  especially  in  tuberculosis  and  congenital  heart  dis- 
In  mitral  disease  its  use  is  more  questionable,  for  the  raising  of  the 
peripheral  resistance  in  the  systemic  circulation  may  increase  regurgitation 
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or  stasis  in  the  pulmonary  circulation.  It  must  be  admitted  that  accept- 
ance is  not  universal.  The  clinical  importance  of  the  problem  renders  it  a 
matter  of  universal  interest. 

It  may  be  considered  proved  by  Fran^ois-Franck's  work  that  sensory 
stimuli,  stimulation  of  the  sympathetic  nerves,  asphyxia,  etc.,  may  cause 
the  pulmonarj'  arterial  pressure  to  rise  to  about  double  its  originai  height, 
and  hence  in  chronic  conditions  may  play  an  important  r61e  in  bringing 
about  hypertrophy  of  the  right  ventricle.  Moreover,  changes  of  pressure 
which  are  relatively  small  when  applied  to  the  left  ventricle  assume  much 
greater  proportions  when  applied  to  the  weaker  right  ventricle,  and  appar- 
ently slight  changes  in  the  strength  of  this  chamber  may  then  be  important 
factors  in  the  mechanism  of  the  circulation. 

Tonicity  of  the  Right  Ventricle. — More  important  than  the  changes  in 
prefisure  in  the  pulmonary  artery  are  the  changes  in  tonus  of  the  right  ven- 
tricle. Owing  to  the  thinness  of  the  wall,  changes  in  tonicity  affect  this 
chamber  much  more  readily  than  they  do  the  left;  overstretching  of  the 
fibres  sets  in  more  readily,  and  weakening  of  the  right  ventricle  results  more 
readily.  These  changes  may  have  no  direct  relation  to  the  changes  in  pul- 
monary arterial  pressure. 
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BLOOD-PRESSr 


OSITY. 


VISCOSITY'  OF  THE  BLOOD. 


E?  of  the  most  important  factors  in  determining  the  work  of  the  heart 
nutriment  of  the  tissues  is  the  viscosity  of  the  l)loo(l, — that  is,  the 
iMviu^ti  which  its  molecules  exert  upon  each  other  and  upon  the  walls  of  the 
blood-vessels. 

Poiaseuille  and  later  Arrheniua  introduced  a  method  for  determming  vtseosity  quan- 
titativeJy  for  indifferent  fluids  by  observing  the  time  taken  for  a  given  volume  of  fluid  to 
flow  vertically  down  a  given  length  of  capillary  tul)e.  The  time  taken  by  water  to  flow 
under  the  same  conditions  was  used  &a  the  unit.    PouweuiJie  founil 

Quantity  of  blood  flowicg  in  given  time  =  vi.seosity  coefficient  X  (diameter  of  c»[}il- 
\Mty)*  X  height  of  preiwure:  length  of  tube  for  disf  anre  of  flaw. 

Huexllile  found  that  Poiseeuille's  law  also  held  for  pulsating  fluids  and  meastircd  the 
viscxjeity  of  the  blood  in  the  living  animal  by  coraptiring  the  outflow  of  blood  fnjm  a  capU- 
iory  tube  introduced  into  the  aorta  to  the  outflow  of  water  imder  the  tmme  conditiooa. 


Viscosity  coefficient  (water)  =4700 
Dog's  biood  =  1045 

Water        47(X) 

" =  4.5    Coefficient  of  viscosity. 

Dog's  blcxni     1045 


I      lary  luoe 

I  Apparatus  for  Clinical  Determination  of  Viscosity.— Various  forma  of 
H|Maratus  have  been  devised  for  determining  the  viscosity  clinically,  most 
^^K^em  depending  upon  the  time  taken  for  a  column  of  blood  in  a  given 
^^^^|k  capillary  to  traverse  a  given  distance 

^^^^^B  A  or  to  flow  out  of  a  given  orifice  when 

^^^^^  a  subjected  to  the  pressure  exerted  by 

^^^^^  M  a  constant  column  of  water. 

■       WATE 


WATtKJACKET 


1 


Tto.  32, — DetemuiftoV  appAralus  for  determining  the  vi»co*ily  of  the  blood.  (Aft#r  Brugsch  utd 
SduttCBbdm.J  A.  Apparatut  ml  rest  tm  ila  ntand,  pivutol  ua  the  thermooK-teraniJ  the  handle  as  an  a\i». 
In  th«  blood-receiving  tube  wiihm  tbe  water-jacket  oe— d/.  a6  — cd.  B.  Method  of  applicatiua.  (After 
-1  aod  SehittcnhelmJ 


Soeh  apparatufl  ha*  been  deacribwl  by  Huerthle,  Burton-OpttJi,  Hirsch  and  Beck, 
DHensuuin.  Hess  and  also  McCa^key  have  devised  very  simple  forma  of  apparatus  in 
which  Kuction  from  a  rubber  bulb  ia  usetl  inwl  eud  of  posit  ive  pressure.  C.  R.  Austrian  in  the 
Johns  Hopkins  Medical  Clinic  haa  found  that  the  Hess  apparatus  gives  results  with  normal 
blood  which  tally  weD  with  tbe  blood  count,  and  which  therefore  seem  quite  saltalacloTV . 
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Determann's  newer  apparatus  (Fig.  32),  however,  combines  clinical 
convenience  with  accuracy  and  is  probably  the  most  satisfaijitory  now  in  use.  It  consists 
of  a  capillary  tube  ■itirrounded  by  a  small  condenser-jacket  of  glasa  containing  water  at 
38°.  The  jacket  bears  two  side  arms  which  rest  in  the  forks  of  two  uprights  bo  that  the 
jackets  always  assume  a  vertical  position.  The  apparatus  is  taken  up  as  a  whole  and  the 
blood  sucked  up  to  a  mark  on  the  capi11ar>'.  The  apparatus  is  then  placed  back  on  the 
forks  and  the  time  taken  for  the  blood  to  flow  out  until  it  reaches  a  second  (lower)  mark 
ia  noted.  (This  should  rorjuire  ;JO-40  seconds.)  A  similar  determination  is  made  with  water 
(6r-8  seconds). 

In  order  to  keep  the  blood  from  clotting,  a  little  hirudin  may  be  placed  upon  the  ear 
before  stabbing  il.  This  does  not  alter  the  viscosity  as  do  adding  Hodium  oxalate,  laking, 
and  defibrination;  and  keeps  the  blootl  from  clotting  for  20-30  minutes. 

Determann  obtains  a  few  drops  of  blood  quickly  by  having  the  patient  exert  a  forced 
expiration  with  the  glottis  closed  (Valsalva's  experiment). 

Factors  Influencing:  Viscosity. — Heubner,  Determann,  and  others  have 
found  that  the  chief  factor  in  determining  the  viscosity  is  the  viscosity  of 
the  red  corpuscles,  to  which  about  two-thirds  of  the  viscosity  of  the  blood  is 
due.  Indeed,  in  many  cases  these  observers,  and  also  Austrian,  have  found 
that  the  blood-count  and  the  viscosity  furnish  accurate  controls  of  one  an- 
other,— though  tliere  are  exceptions  under  pathological  conditions  (leuktemia, 
etc.).  There  is  little  if  any  difference  between  the  viscosity  of  the  normal 
blood  in  the  arteries,  capillaries,  and  veins.  But  in  venous  stasis  the  vis- 
cosity  increaecs  tremendously. 

In  a  polycythaemica  with  1 1,000,000  red  corpuscles  the  v  i  s- 
cosity  may  be  three  or  more  times  the  normal  (Stern). 

On  the  other  hand,  in  anaemias,  fever,  the  hydraemia 
which  is  associated  i^ith  anasarca  in  broken  compensation  or  exudates  the 
viscosity  is  uniformly  greatly  diminished. 

Burton-Opitz  found  that  diet  exerted  a  considerable  effect,  meat 
raising  the  viscosity,  c  a  r  b  o  h  3'  d  r  a  t  e  s  and  fats  lowering  it. 
He  also  found  that  hot  baths  lowered  viscosity,  white  cold  baths  increased  it- 
Hot-air  baths  seem  to  have  little  effect. 

In  compensated  heart  disease  the  water  content  of  the  blood  does  not 
.  change  (Aakanazy),  nor  does  the  viscosity,  but  the  water  is  increased  and 
the  viscosity  diminished  (3.74  to  4,21)  when  compensation  is  broken  (Deter- 
mann).   In  bronchitis  and  diabetes  it  is  high  (5.5). 

Determann  cannot  confirm  the  findings  of  Otfried  Muller  and  Inada 
that  potassium  iodide  lowers  viscosity;  and  indeed  the  changes  which  they 
obtained  were  lep.s  than  1.0  per  cent.,  well  within  the  limits  of  experimental 
error.  Their  paper,  as  well  as  those  of  Hirsch  and  Beck,  illustrates  the  ten- 
dency of  workers  in  the  field  to  draw  too  definite  conclusions  from  too  small 
variations. 
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DETERMINATION  OF  THE  VOLUME  OF  THE  BLOOD  PLASMA  AND  THE 

TOTAL  VOLU.ME  OF  THE  BLOOD. 

The  older  studies  of  Welker  placed  the  volume  of  the  blood  at  one  thir- 
teenth of  the  b4)dy  weight.  More  recently  Haldane  and  Smith  have  given 
one  twenty-firet  and  Plescb  has  given  one-nineteenth  as  the  figure,  but  their 
methods  are  both  complit-ated,  fraught  with  discomfort  or  danger  to  the 
patient,  and  full  of  inherent  technical  errors.  A  aimple  practical  clinical 
method  has  recently  been  introduced  by  Keith,  Rowntree  and  Geraghty 
which  has  given  valuable  chnical  and  experimental  data,  and  has  opened  up 
new  line.*?  of  investigation. 

In  carrying  out  this  detemiinatioa  they  inject  intravenously  a  dye  (vital 
red)  which  does  not  diffuse  out  of  the  arteries,  capilkries  and  veins  for  quite 
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a  while  after  its  injection.  The  blood  pla-^sma  therefore  remains  stained  with 
the  dye.  A  small  quantity  (10  cc.)  of  blood  is  removed  within  ten  minutes 
after  the  injection,  sodium  oxalate  added  to  prevent  coagulation,  and  the 
corpuscles  are  centrifugalized  off  with  a  high  power  centrifuge  (3000  revolu- 
tions per  minute)  for  twenty  minutes  in  a  gratluatwl  centrifuge  tube.  The 
ratio  of  blood  corpuscle  volume  to  plasma  is  noted.  The  plasma  thus  ob- 
tained is  colored  by  the  dye.  Experiments  have  shown  that  this  dye  is  not 
absorbed  by  the  corpuscles.  The  amount  of  dye  contained  in  the  plasma  can 
readily  be  determined  by  comparison  with  a  standard  solution  of  vital  red 
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in  a  colorimeter.     From  the  proportion  between  the  amount  of  dye  injected 
and  the  amount  found  in  a  known  amount  of  blood  plasma,  the  total  volume 
of  blood  plasma  can  be  calculated.     The  total  volume  of  the  blood  can  be 
calculated  from  the  ratio  of  corpuscles  to  plasma  obtained  in  the  graduatedj 
,  centrifuge  tube. 

Total  volmne  of  blood       Corpuaclea  +  Plaama 


Total  volume  of  pliosma 


Plasma 


•MHnif"    Keith,  Rowntree,  and  Geraghty  have  found  that  in  normal  subjects  the] 
volume  of  blood  plasma  varied  from  42  to  56  cc.  per  kilogram  of  body  weight] 
(Vtt  *«  \  7  ^^^  body  weight  average  yy-j)  so  that  a  man  of  140  lbs.  weight 
would  have  three  litres  of  plaama. 

The  average  volume  of  total  biood  is  6350  cc.  or  85  cc.  per  Kg,  (|-}t4 
body  weight,  the  variation.s  being  from  ^  to  1^-5). 

They  found  normal  values  in  emaciation,  chronic  hypertension,  several! 
cases  of  myocardial  insufficiencj',  aneurism  and  in  some  cases  of  aniBmia,  high} 
values  were  encountered  in  pregnancy,  anaemia,  polycytha^mia,  and  in  on© I 
case  of  general  anasarca.  In  obesity  and  diabetes  the  blood  volume  is  rel»>{ 
tively  low. 

Marked  variations  of  blood-pressure  in  animals  produced  by  the  injeo-j 
tioQ  of  ackenaiin  caused  no  change  in  the  total  volume  of  the  blood. 
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III. 

THE    ARTERIAL   PULSE. 

Historical. — Observation  of  the  arterial  ptilse  began  almost  synch ronoiisly  with  the 

accurate  observation  of  disease  in  general.     Hippocrates  (B.  C.  54X))  noted  the  marked 

pulsation  ((T^i)jU<4f)  of  the  arteries  in  certain  diweasett,  but  did  not  associate  it  with  the  beat 

of  the  heart.     Herophilus  (B.  C.  300)  observed  the  relative  synchronism  of  these  two  cventa 

I  and  speaks  of  the  quiet  pulse  in  Ueullh  {a<^i')/i6g)  in  contrast  to  the  marked  pulsation  in 

I  diseaae  (the  ira>.fi6r  of  Hippocrates).     Eristratus  (B.  C  280)  showed  that  the  arteries  near 

the  heart  beat  before  the  arteries  more  distant  from  it.     Aristotle  and  later  Archigenes 

(fiTBt  century  after  the  Christian  era)  made  numerous  observations  upon  the  pulse  in  various 

I  diseases,  and  the  latter  described  and  gave  the  name  to  the    dicrotic   tyj>c  in  cases 

of  fever,  although  he  still  beUeved  that  the  arteries  were  filled  with  air.     Galen  (A.  D.  131- 

202)  demonstrated  that  the  arteries  were  filled  with  blood  and  studied  the  influence  of  sex, 

age,  climate,  sleep,  hot  and  cold  baths  upon  the  rhythm  of  the  pulse. 

The  old  Chinese  physidana  also  described  the  pulse  and  even  made  drawings  to 
illustrate  their  sensorj'  impressions — ^a  practice  which  did  not  begin  in  Europe  until  the 
time  of  Henri  Fouquet  in  1767.  After  Harvey's  demonstration  of  the  circulation  of  the 
blood  (1628),  the  study  of  the  pulse  was  resumed  with  renewed  vigor  and  has  continued 
to  the  present  day, 

I  Examination  of  the  Pulse. — The  characteristics  of  the  pulse-wave  are, 

as  a  rule,  determined  upon  the  radial  arterj',  in  which  the  arterial  tension 
may  be  estimated  as  described  on  page  26,  the  wall  of  the  artery  b^ing  also 
rolled  under  the  finger  while  the  artery  Is  empty,  and  thus  the  presence  or 
abeence  of  arterioscleroBis  noted.  The  walls  of  a  norntal  artery  are  barely, 
if  at  all,  palpable;  an  atherumatou.s  artery  may  feel  like  the  trachea  of  a 
small  animal  (goose-neck) ;  a  diffusely  sclerotic  artery  feels  like  a  piece  of 
thick-walled  rubber  tube. 

It  is  important  to  note  the  palpability  of  several  arteries,  since  one 
of  them  may  escape  a  Fclerotic  process.  All  the  blood  must  have  been 
pressed  out  of  their  lumina  and  of  the  vena;  comites  that  accompany  them 
before  palpation  is  begun,  or  else  normal  arteries  may  appear  to  be 
sclerotic.  The  pressure  is  then  relieved,  and  the  tips  of  two  or  three  fingers 
are  pressed  upon  the  artery  until  the  pulse  appears  maximal  (at  about 
the  minimal  pressure),  when  the  following  characteristics  are  noted:  (1) 
whether  the  arter>^  (hence  the  pulse)  feels  large  and  dilated  (pulsus  mag- 
nus)  or  small  and  constricted  (pulsus  parvus);  (2)  whether  the 
pulse  is  hard  (pulsus  d  u  r  u  s)  or  soft  (pulsus  mollis)  ,~-i.e. ,  whether 
the  minimal  pressure  is  low  or  high;  (3)  whether  the  onset  of  the  wave  is 
sudden  (pulsus  c e le  r)  or  gradual  (p  u  Is  u  s  tardus);  (4)  whether 
the  wave  is  sustained  (anacrotic)  or  subsides  suddenly  under  the 
finger  (collapsing,  water-hammer,  or  Corrigan  pulse) ;  (5)  the 
rate  of  the  heart  per  minute  (counted  continuously  during  at  least  a  half 
minute) ;  (6)  whether  the  rhythm  is  regular  (pulsus  regularis)(yr 
irregular   (pulsus    irregularis). 

I         CHnicaJ  Sphygmographs.  —  An  instrument   (sphygmograph)  to 
record  the  pulse-wave  graphically  was  first  devised  by  K.  Vierordt  (1855), 
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but  it  was  not  until  1860  that  E.  J.  Marey  devised  a  tli-jroughly  practical 
and  accurate  form,  almost  devoid  of  error,  which  is  still  in  use. 

Marey'a  sphygmograph  oonsiat-a  of  a  button  (pelote)  pressed  against  the  skin  over 
the  iirtery  by  means  of  n  spring  so  as  to  receive  the  pulsutiune  froni  the  artery.  It  is  lield 
in  place  by  u  leather  cufi,  and  it  is  niost  important  that  the  pelote  remain  exactly  over  and 
not  to  one  side  of  tlie  artery.  Hie  pelote  ia  surmounted  by  a  vertical  rod  or  screw  which 
ttrLicutates  by  a  movable  joint  with  a  long  writing  lever.  The  writing  lever  records  the 
ma^fied  puLse  movements  upon  a  surface  of  smoked  paper  held  in  vertical  position  by  a 
brass  upright  and  driven  by  a  small  piece  of  clock-work. 

A  more  compact  and  convenient  form  of  sphygmograph  is  that  of  Dudgeon,  in  which 
the  straight  lever  is  supplanted  by  a  double-joLnted  one  which  writes  on  a  horizontal  instead 
of  a  vertical  atrip  of  smokt^i  paper.  The  tension  of  the  spring  pressing  down  the  p«lote 
is  roughly  adjustable,  which  allows  some  variation  in  the  pressure  over  the  artcrj'. 
V  .  J  a  q  u  e  t  has  improved  Dudgeon's  apparatus  by  adding  to  it  a  small  time  marker 
recording  fifths  of  a  second. 

O,  Frank  has  introduced  a  method  for  recording  the  form  of  the  pulsc-wave  by  photo^ 
graphing  the  movement  of  a  beam  of  light  thrown  from  an  arc  Ught  on  to  a  small  mirror 
made  of  mercur>'-coated  cover-glass  fixed  upon  a  very  small  vertically  placed  tambour, 
and  thence  reflectt'd  upon  a  moving  surfac^^  of  photographic  film.  C.  J.  Wiggera  has  per- 
fected this  apparatus  and  adapted  it  to  clinical  purposes,  using  a  delicate  rubber  membrane 
made  by  dipping  a  piece  of  half-inch  brass  tube  into  liquid  rubber  cemeat.  The  bit  of 
mirrored  cover-gluaB  ia  fixed  upon  the  membrane  belorc  it  is  dry. 


J^jd^ 


Fia.  33a. — DiaKram  »hawing  principle  of  Bppftratiia.  C,  piece  of 
««11u!oid;  M,  mirror.    (After  Wiggor*,  Jour.  Anier.  Med.  Amoo.) 


Pio.  Xib. — MountiDR  of  cipmilM. 


Errors  in  Sphygmography* — In  spit<^  of  the  existeTiPo  of  these  fairly 
satisfactory  sphygniopraphs  and  of  their  wide  use,  dUcrepandfs  l>etween 
the  clinical  ol>servations  and  the  tracings  obtained  are  so  ia:reat  that  Cabot 
refers  to  the  sphygmograph  as  **  an  interesting  little  toy."  The  reason  that 
it  is  not  of  value  must  l>e  either  that  the  apparatus  itself  is  subject  to 
inherent  errors,  or  that,  as  Mackenitie  states,  "it  was  expected  to  give  in- 
formation of  a  kind  that  it  waa  inciipable  of  supplying.  '  Unforluuat-ely, 
both  are  the  case. 

Athaaasiu,  in  investigating  the  accuracy  of  graphic  recording  devices,  found  that  all 
sphygmographs  which  majTrutied  the  movement  more  than  twenty  times  introduced  a 
large  inherent  error,  that  of  all  the  forma  in  use  Marey "h  introduced  the  least  error,  while 
the  Dudgeon  appitratus  tind  the  Jaquet  magnified  it  130  times,  introducing  tremendous 
distortion  from  flinging  large  pulsations. 

On  the  other  hand,  the  writer,  D.  Gerhardt,  and  Stewart  have  been  able  to  show 
that  not  only  the  size  but  also  the  entire  type  of  the  pulse-curve  obtained  depend.s  upon 
the  pressure  exerted  upon  the  artery  and  other  similar  factors;  the  true  form  of  the  pulse- 
wave  being  obtained  only  when  the  presaure  exerted  by  the  sphygmograph  is  exactly  equal 
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Flo.    34.  —  Absolute 
tphy gtaognm^,  ait  of  which 


[  to  the  pressure  within  the  artery.  Fortunately,  this  is  the  point  at  which  the  pulse  excur- 
sion ifl  maximal,  and  as  all  oh«ser vers  strive  for  the  larpest  exi-uraion,  it  is  probable  that 
moat  sphygmographic  records  arc  taken  at  about  tliia  pressure.    The  idea!  apparatus  is 

the  one  in  which  it  is  not  merely  probul>le  but  eertain,  and 
henre  that  of  Roy  and  Adami  is  the  only  one  which  abso' 
lutely  fulfils  the  requirements. 

The  Absolute  Spliygmogram.  —  A  ver>*  con- 
venient and  instructive  method  of  recording  pulse 
tracings  has  been  introduced  by  Sahli.  Sahli 
transfers  the  pulne- curve  to  cotirdinate  paper 
upon  which  the  ordinates  represent  millimetres 
of  mercury  and  the  abscissie  represent  fractions 
of  a  second.  The  lowest  point  of  the  pulse-curve 
he  marks  at  the  level  corresponding  to  the  ndni- 
mal  blood-pressure,  determined  at  the  time  with 
the  sphygmomanometer;  the  highest  point  at  the 
level  corresponding  to  the  maximal  pressure;  and 
maps  out  besitles  this  the  other  main  points  of 
tiie  pulse-curve  (pi*edicrotic  fall  and  wave,  dicrotic 
notch,  summit  of  dicrotic  wave,  etc.)  at  heights 
and  distances  proportional  to  their  occurrence  upon 
the  sphygmogram,  but  translated  to  this  new 
scale  of  pressure  and  time.     This  curve  he  terms 

correepoml  t4)  the  radial  t  mo-     ^j^^    absolute     S  D  h  V  ff  m  0  ff  T  a  m. 
ing  above.   The  fi«uirce  ta  the  r       ..^  j?  o 

mm.  Hjt.  The  absolute  Hphygmogram  ran  also  be  read  off  from 

the  ordinary  sphygmoitrani  by  uaini?  the  lowest  point  on 
the  tracing  as  the  ordinate  of  minimal  pretffiure  and  as  a  base  line  for  determining 
the  preastire  at  other  points,  and  calculating  these  from  the  projxirtioo 

Ordinate    of   point  :    Total   height  of  pxilse-wave  = 
Pressure  at  that  instant  (above  minimal  arterial  pressure)   :  Pulse-pressure. 

Discrepancies  between  Feeling  and  Recording  the  Pulse. — Not  all  the 

discrepancies  between  sensory  impression  and  splngmogram  are  the  fault 
of  the  instrument.  In  the  first  place,  there  is  no  absolute  uniformity  in 
the  minds  of  physicians  as  the  standard  to  be  applied  to  the  intUvidual 
pulse.  Thus,  the  writer  has  seen  one  eminent  clinician  dictate  a  note, 
"pulse  not  collapsing,"  antl  another  a  few  minutes  later  state  that  the 
same  "pulse  is  collapsing  in  quality."  The  pulse  had  not  changed,  but 
the  subjective  criteria  of  the  two  men  were  shghtly  different. 

Again,  between  pulse  palpation  and  sphygniogram  there  is  a  difference.  It  is  very 
difficult,  alnu)8t  impossible,  to  tiet^rniine  just  how  long  a  pulse  is  sustained  arid  how  quickly 
it  falls,  since  these  judgment*  are  based  upon  a  se<q;uence  of  events  lasting  for  an  interval 
of  about  one-tenth  of  a  second,  and  clianges  both  in  lime  Jinii  in  pressure  must  l»e  con- 
sidered without  the  presence  of  any  simultaneous  aluntlard  for  comparison.  Psychologic- 
ally, such  comparisons  must  he  ver>*  fallible.  Practically  they  are  not  as  fallible  as  they 
ap|>ear,  for  the  judgment  is  based  not  upon  furm  or  duralicnn,  unless  the  ai>normalitiet<  are 
marketl,  as  much  ae  upon  changes  of  pressure.  What  one  really  appreciates  most  in  feel- 
ing thn  puls»j  is  the  amount  of  miiiiiual  pressure  ("hardness"  of  fhe  pulse)  and  the  amount 
of  the  putse-pressure  (size  of  pulse),  and  only  to  a  lesser  ext«'nt  the  duration  of  the  pulse- 
wave.  Hence,  the  .sensiition  «lue  to  a  high  pulse-pressure  with  a  moderate  difistolic 
pressure  is  often  mistaken  for  that  due  to  a  collajiKiiig  pulse,  though  the  fonn  of  the  puis©- 
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P|Q.  35— digdilkunce  of  the  putse-curv^ 
/,  inflo*  iiito  tlie  iirl(»r>  from  heart;  (>.  outfluw 
from  the  artery  toward  the  pcripbery,  or  autuul 
rcflui  toward  tfie  noriA. 


wave  may  show  that  it  is  quite  well  sustained.  In  coinparing  the  pulse  sensation  with  the  ' 
sphygmogram,  one  is  therefore  cotnpuring  two  somcwhut  different  standards,  and  Uttij 
inherent  difference  must  Ije  taken  into  account. 

Significance  of  the  Pulse-curve. — Assunimg,  however,  that  one  has  ob- 

taintui  u  vottvvX  tracinii;  fruin  thf  artery,  what  deductions  are  aliowable?    It 

is  evident  that  the  artery  expands  soinewliat  undtT  an  increase  in  pressure 

(causing  a  rise  in  the  pulse-wave)  aiid 
contracts  when  pressure  decreases' 
(causijig  a  fall  in  the  puU^e-waw,. 
Furtht^r,  the  pressure  in  the  artery'  in-  ; 
crea^ses  or  decreases,  ilepending  upiin 
whether  more  blood  enters  it  than  ean 
leave  it  at  that  instant  (Fig.  35,  I>0) 
or  whether  the  reverse  is  the  case 
(1<0).  When  the  inflow  exactly 
equals  the  outflow  (1=0),  no  change 
of  |)ressure  occurs  and  a    plateau 

results.    The  pulse  tracing  is  merely  the  record  of  these  events — but,  as  Hew- 
lett has  ahowTi,  the  emptying  of  the  radial  artery  may  occur  either  onward . 

to  the  arterioles  or  as  an  ebbing  back  inttf  the  brachial  and  siibelavian.  ' 

The  iiurmal   pulse-wave  has  thr 

following  forms:    an   upstroke   more 

or  less   steep    (percussion   wave;,    a 

rather  acute  summit,  and  sudden  fall 

(predicrotic)  followed  by  a  very  small 

rebounding  %vavc  (predicrotic  wave), 

then  another  more  gratiual  fall  termi- 

natingin  asmall  notch  (dicrotic  notch) 

which  nuiiks  the  end  of  systolr 

(Marey,  Huerthle),  then  a  gradual  fall 

during  diastole.     In  the  aorta  the  fall 

in  waves  is  not  as  steep  as  in  the 

radial   artery,    which    indicates    that 

the   former  reflects   the    conditions 

near  the  heart,  the*  latter  shows  the 

conditions  at  the  periphery  (Marey) 
Relation  of  Pulse  Form  to  Peri- 
pheral   Resistance. — There   ai-e   three 

general  types  of  pulse  (Marey,  llirsch- 

felder)  which  may  occur  without  any 


Fig.  36. — Diagram   ehimring   (he  time  fim 
tionfl  of  veotricular  volwnie  and  prtf^^ure  ciir»- 
to  pulsr  tracings    from    the   aorta,    canittd    anu^ 
ratlial  arteries.    Time  fli\'ision!f  in  one-tfnitb  ««? 
ondi".    (Srhpmalic.)   trotted  liniia  represent  cur\-i 
taken  wiiL  lugh  peripLersl  roaistance. 


m 
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heart  lesion  whatever^  and  even  in  the  same  indivirlual  at  the  same  maxi- 
mal and  minimal  pressures,  though  usually  the  luaxinial  and  minimal  pres-j 
sures  var>'  with  these  conilitions.     (Fig.  36.)  ^ 

Type    I    corresponds   to   marked   peripheral   dilata- 
tion, as  after  exercise,  after  meals,  in  shock,  fevers,  or  in  some  mrvoua 
individuals  with  vasomotor  instability.    This  is  the  collapsing  type  of  pulse^ 
rapid  rise  and  rapid  fall  sometimes  followed  by  a  large  dicrotic  %vave  (seel 
page  08).      The  rise  is,  however,  about  two  huntlredths  of  a  second  slower] 
than  norniab  but  this  difference  ia  not  within  the  limits  of  perception.    It| 
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fcH'la  mure  auddon  because  it  is  sharply  followed  by  the  suddpn  fall.  Tho 
fall  in  this  typo  of  [)uko  m  almost  coniplote  bfforo  the  end  of  systoU^  i.e., 
before  the  dicrotic  notch  wliich  maiks  that  point  (Marcy,  Ilucrthle). 


I 


I 


no" 


jr 
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.37. — Throe  types  of  arterijii  piilxe-cun-e  porrcspornlinK  to  the  saine  pulf<e-prewure  nnd  same  pul.*©- 
rn*-     (Jolin*  Hopkins  Ho.^p.  bull,  xviii)     I,  v».HtKlil»tion;    H,  normal;    HI.  vtt.-*iM>onstrk>tioii. 

In  Type  II  only  about  half  the  fall  opcurs  during  systole.  This 
corresponds  to  m  o  li  c  r  a  t  e  degree  of  dilatation  and  ia 
the  tyi>€  present  in  norinal  individuals. 

In  Ty  pe  III  the  wave  soon  rises  to  th*?  summit  and  remains  there, 
forming  a  sustained  plateau  (outflow  =  inflow)  until  the  end  of  systole,  when 

it  gradually  falls.  This  correspontls 
to  peripheral  constriction^ 
pieveiiting  the  outflow  from  the  aorta 
from  exceeding  llie  intlow  into  it, 
a.s  is  the  case  where  a  nonvud  degree 
of  dilatation  is  preHent.  The  normal 
pulse  in  man  may  be  converted  into 
thif*  tyi>e  by  compression  of  both 
femoral  arteries  (Marey)  or  of  the  ab- 
dunumd  aorta  (Stewart).  The  mere 
increase  of  the  blood-pres.su re  Ls  not 
a  cause,  because  after  exercise  the 
blood-pre.ssure  is  increased  und  yet 
the  pulse  becomes  more  collapsing 
than  before. 


Fio.  38. — Ktiet-t  of  inhalation  of  amj-l  nitrite 
upon  the  pulAe-fonn.  (After  v,  Kries.)  Ciir>'« 
tftkeo  in  sticcoiiiiinn.  Vaw>dilation  reaches  itt* 
maximufn  At  r  and  diminiMheM  at  d  and  «.  Well- 
iitarked  dicrotimn  at  d.  ff  and  «  iiidirate  B««>nd- 
ary  wavea  due  to  cUalioity  of  the  artery. 


These  general  outlines  of  the  pulse- 
waves  are  further  mod]fi<-d  by  smaller  wave- 
lete  due  to  thD  elastic  v)bratii>iis  iif  the  artery 
wall,  or  to  the  rebound  of  the  pprcuseion 
wave  at  the  p<>riphery  (v.  Kriea).  The  meet  importaat  of  these  ia  the  dicrotic  wave 
following  imme<l)at<ily  upon  the  closure  of  the  aortic  valves  and  due  either  to 
a  centrifugal  wave  from  the  blood  i  tii  p  i  n  g  i  n  g  u  g  a  i  n  s  t  them,  o  r  1  o 
a  reflected  centripetal  wave  from  the  periphery  toward  the 
heart  (y.  Kries;.  Whichever  theory  may  be  correct,  the  e.siM*iitial  fact  remains  that 
the  dicrotic  wave  is  a  secondan,- one  and  i.s  tle|)cndent  ufxin  art^riid  elasticity.  V.  Kriea 
has  shown  that  the  dicrotic  wave  is  most  niurked  wlien  the  f)eripheral  vesseia  are  consider- 
ably dilatcfl.  but  not  when  they  are  dilattd  to  tluir  fullest  extent  (Fig.  ,'J8). 
m  Tlie  other  waves  muy  occur  upon  either  upstroke  (auacrotic)  or  u|K>n  the  dowTistroke 

■    Ckatacrotie.  Fig.  38,  a,  b)  and  are  de^ignated  accordiagly.    Small  aecotidary  waves  of  thia 
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ty]>e  nre  most  marked  when  the  pressuTx;  in  high  and  the  heart  action  strong  {e.g.,  pulsus 
bisferiena),  but  their  occurrence  is  often  due  to  twitching  of  ttie  tendona  near  the  pelote 
of  the  sphygniograph,  and  too  great  weight  must  not  be  attached  to  them. 


D*  J>f  J)+ 

Fig.  39. — Mercury  nuinorncter  tnctng  from  the  earotid  artery  of  a  dog.  showing  rhythmic  varia- 
tioiu  in  blood-premure  and  rhyt)tmic  increase  in  dicrotiwit.  (Kindnesa  of  Prof.  Abel  and  Dr.  Ruviiitrc*.) 
The  dicrotic  wB\'e  incre&He»  at  the  points  (/>-!-)  nt  which  the  blood-preuure  is  lowest  ( — )  and  the  peripheral 
art«hc«  are  dilated.    Time  in  seconds. 

Volume  Pulse  and  Pressure  Pulse. — A  totally  new  viewpoint  for  the 
interpretation  of  the  pulse-wave  Iisls  been  introduced  by  the  investigation."? 
of  Hewlett  and  van  Zwahvenberg  upon  the  velocity  of  blood  flow  in  the  arm 
at  each  portion  of  the  ciirdiac  cycle.  Hewlett  made  use  of  the  same  apparatus 
as  had  been  used  by  him  for  the  study  of  velocity  of  blood  flow  in  the  arm 

except  that  in  order  to  obtain  the  indi- 
vidual waves  more  accurately  he  re- 
corded them  with  a  Frank  capsule 
instead  of  an  ordinary  tambour.  Using 
this  npjianitu.s  Hewlett  ha«  found  that 
when  there  i.s  relaxation  of  the  periph- 
eral arteries  accompanied  by  a  great 
increase  in  the  velocity  of  blood  flow 
through  the  arm,  such  as  is  met  with 
after  exercise  or  cxposiurc  to  heat  or 
ill  exophthalmic  goitre,  the  collapsing 
type  may  l>e  present  antl  the  collapse  ac- 
companied l>y  an  acceleration  of  blood 
fltjw  through  the  arterioles.  Under 
othercircuii^Htances,  however,  a  totally 
different  condition  may  be  accom- 
panied by  a  collapsing  pulse  of  ex- 
actly the  same  quality  and  possessed 
of  exactly  the  same  foriei  of  sphygnio- 
gram.  This  was  well  typified  by  the 
collapsing  pulse  obtained  after  nitro- 
glycerine. Hewlett's  blood  flow  curves 
showed  Ihat  in  spite  of  the  onset  of 
peripheral  tiilatation,  a  larger  pulse 
wave  and  a  collapsing  tyix'  of  pul.'^e  the  velocity  of  blood  flow  per 
minute  was  not  increased  after  nitroglycerine,  but  was  unchanged  or 
even  slightly  diminished.  Here  the  form  of  the  collapsing  pulse  is  met 
in  the  plethysmograph  curve  after  compression  of  the  veins  as  well  as 
in  the  pulse  curve,  and  this  shows  that  during  the  (XTJod  of  collapse 
less  blood  is  present  in  the  arm  than  hail  Ix'cn  present  at  the  crest  of 
the  wave-^in  other  words,  since  no  blood  could  pass  out  through  the  veins  * 


,  I'll.,  4IX— Oiuijrjiiu   -li.iv  ii.j,:  '.:i-i"M^    i,ir-'i-< 

of  pul!K«-r»ir>c  encountcrci  clinically.  l^yctAjUc 
por»iohi»  i»f  the  curve  are  underlined.  UY PER-^ 
DiVtiUT.  loTJcrdicrotic, 


TYPES   OF   PULSE   IN   VARIOUS   DISEASES. 

The  fo'lowing  types  of  pulse  are  associated  with  various  pathological 
conditions  and  corresponding  states  of  the  heart  and  vessels. 


of  ptUM.* 


Nonnal.... 


Anaorotio. 


Bisfmiens . 


Tirdua 


CJollapMDg. 


Dicrotic . . 


dicrotio 


OP 

40 


40 


40 


40 


40 


40 


40 


Characteristics. 


Sudden  rise,  sharp 
apex,  slight  pre- 
dicrotio  mU;  then 
slow  fall,  small 
dicrotio  wave, 
gradual  fall  in  di- 
astole 


Sudden  rise  or 
slightly  rounded 
plateau  top  last- 
ing almost  to  di- 
crotic  notch 
which    is  small; 

?;radual  diastolic 
all 

Rewmbling  ana- 
crotic except 
titat  the  small 
predi erotic  fall  is 
lollowed  by  rise 
equal  or  above 
that  of  the  per- 
cussion wave, 
making  the  sum- 
mit bifurcate 

Gradual  slow  ri!>e, 
percussion  wave 
oblique,  summit 
round,  gradual 
fall 

Steep  rise,  apex 
sharp.  i«  u  d  d  e  n 
steep  fall,  di- 
crotic notch  in 
lower  half  of 
curve  often  level 
after  the  predi- 
crotio  wave 


Collap^iing  in  qual- 
ity but  dicrotic 
wave  very  pro- 
nounced and  pal- 
pable, as  a  Hmall  ^ 
wave  regularly  I 
fullciwing  soon: 
after  the  percus- 
sion wave 


EHcrotic  wave  oc- 
curs at  the  ffK)t 
of  the  ascend- 
ing instead  of 
descendiuR   limb 


Clinical  oondi- 
tions  in  which  it 

ia  most  fre- 
quently observed. 


Normal    individ- 
uals 


Some  cases  of  aor- 
tic insuffiriency 

A  few  cases  of 
fever 


Arteriosclerosis ; 
chronic  nephritis 

Some  cases  of  aor- 
tic insufficiency 

Some  normal  indi- 
viduals 

Arteriosclerosis; 
chronic  nephritis 

Hypertrophied 
heart  acting 
strongly 


Aortic  stenosis  . 


Aortic  insufficien- 
cy (water-ham- 
mer or  Corrigan 
pulse) 

Fevers 


Normal  individ- 
uals, neuras- 
thenics 

Some  cases  of 
Basedow's  dis- 
ease 

Fever*.  e!<pecially 
typhoid 


Normal  individ- 
uals <lurin^  or 
after    exercise 

Neurasthenics, 
after  amyl  ni- 
trite or  nitro- 
glycerin 

Any  of  the  condi- 
tions in  which 
dicrotism  m  a  v 
occur,  but  with 
more  rapid  pulse- 
rate. 


Blood-preasure  associated  with  it. 


M^'gitrHitn  - 


Normal  .. 
High 


Normal  or 
dimin* 
ished 

High 


Normal . . . 


High. 


Minimum. 


Normal. 


High. 


Higli. 


High. 


Slightly  or;  Elevated., 
greatly! 
elevated 


Normal  or 
low 


Lo  w     or 
normal 


Normal  or 
low 


Normal  or    formal  or 
low  low 


Increased 


Normal  or 
subnor- 
mal 

Increased 


Normal  or 
increased 


Normal  or 
increased 


Slightly  in- 
creased 


Normal  or 
s  u  b  n  o  r- 
mal 

Normal  or 
increased 


Normal. . . 


Normal.. . 


Pulse- 
pressure. 


Increased. 


Pulse-rate 
qui  0  k- 
ened 

Slightly  in- 
creased 
or  un- 
changed 


Slightly  di- 
minished 

Increased 


Increased 
or  nor- 
mal 


Increased 


Normal  or 
increased 

Normal  or 
increased 


Increased . 


Normal  or 
increased 


Increased 


Increased 


Increased 


Vascular 
condition. 


Normal. 
Dilated. 
Dilated. 


Vasocon- 
striction. 


Vasocon- 
striction. 

Vasocon- 
btriction. 


Vasocon- 
striction. 


Dilata- 

tion  of 
the  larger 
arteries 
(not  nec- 
essarily 
of  the  ar- 
tariclee). 


Vasodila- 
tion. 

Vasodila- 
tion. 

Vasodila- 
tion. 

Vasodila- 
tion. 


Vasodila- 
tion. 


'For  forms  of  ii regular  pulse  see  page  99. 
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there  must  have  been  a  regurgitation  of  blood  from  the  arm  back  into  the  sub- 
clavian artery  and  the  aorta.  This  conditioo  occurs  also  with  the  collapsing 
pulse  of  aortic  inFufficieney  and  with  the  monocrotic  pulse  of  shock  and  col- 
lapse,  as  well  as  during  the  pretiicrotic  fall  of  the  pulse-wave  in  the  dicrotic 
pulae  of  typhoid  fever.  With  the  onset  of  the  dicrotic  wave,  however,  the  biood 
flows  on  again  into  the  arm  only  to  ebb  back  again  into  the  subclavian  after 
the  crest  of  the  wave  is  reached.  Similar  ebbs  and  flows  may  occur  with  the 
bifurcated  pulsus  bisferiens  and  other  atypical  reflected  wavelets  upon  the 
pulse.  Hewlett  has  shown  that  they  represent  true  movements  of  fluid  as 
well  as  waves  of  pressure.  His  studies  explain  the  feeling  of  ultimate  tense- 
ness and  relaxation  that  acconipimies  a  throbbing  pulse  as  well  us  many  other 
features  of  the  piiJse-wave  which  had  been  hitherto  obscure. 


I 


I 


THE  PULSE-RATE. 


It  also 
relative 
(tachy- 


V  The  normal   pulse   varies  consitlerably  in  different  individuals,    being 

■  in    general    more    rapid    in    those    of  small  stature  and    slower  in    persons 
of   large    stature,    hence,  more  rapid  in   women    than    in    men. 
varies  considerably  according  to  age,  being    dependent    upon     the 
tone  of  vagi  and  jiccelerators.     The  pulse-rate  is  also  more  rapid 
cardia)  in  fevers,  varying  in  general  according   to    the   temperature — each 
degree  Fahrenheit  increase  corresponds  to  an  acceleration  of  about  four  to  five 

■  beats  per  minute.     C.  D.  Snyder,  as  the  result  of  a  long  series  of  experi- 

■  ments  upun  the  heart-rate  in  different  vertebrates,    finds    that    the    rate    is 
influenced  by  temperature  in  the  sjime  degree  as  is  the  velocity  of  simple 

(chemical  reactions  and  follows  the  logarithmic  formula 
ftceof 


I  Caeificient  of  differ- 
eoeeof  rat^foricr  C. 


/Rate  at  higher  temperature v      higher     __     lower 
'  I  ,  ,  I  temper  Atare     trmperature 

vltate  at  lower  temperature/ 


In  tj-phoid  fever  there  is  often  an  exception,  a  temperature  of  lO.T  to  105°  being 
fcceompanied  by  a  pulse-rate  of  about  HO  per  minute,  owing  to  a  toxic  stimulation  of  the 
vagus;  while  in  menmgitis  the  high  intracranial  pressure  may  bring  the  rate  down  to  a 
great  deal  lower  (50  to  60)  and  may  cause  irregularity.  In  tuberculosis  the  pulse  is  rapid 
even  m  the  early  etages.  The  pulse-rate  ia  also  accelerated  in  the  ansmias,  in  neuras- 
thema,  Graves's  disease,  hysteria,  shock  and  collapse,  abduminoJ  distention,  peritonitis 
and  other  diMcaaes  of  the  abdominal  viscera,  and  m  numerous  cardiac  diseases.  In  fevers 
and  in  many  other  conditions  of  acceleration  the  pulse  becomes  extremely  arnall  and 
JDorely  palpable,  on  the  one  hand,  and  extremely  rapid,  barely  countable,  on  the  other — a 
small  and  "nmning"  pulae.  Pulse-rates  of  over  160  jjer  minute  are  not  uncommon  in 
fevers,  while  200  or  even  300  is  reached  in  paroxysmal  tachycardia.  At  the*e  greiU  rates 
the  duration  of  systole  is  markedly  shortenetl,  as  well  as  that  of  diastole  (the  period  of 
systohc  output  falling  fronj  0.2(5  sec  to  0.2  or  even  less). 

81ow  pulse  (bradycardia)  (Ijelow  60  per  minute)  is  observed  especially  in  conditions 
with  intracranial  tension,  in  meningitis,  in  digitalis  poisoning,  chronic  nephritis,  chronic 
myociirditis.  in  convalescence  from  some  fevers,  eapeciallv  diphtheria  and  influeuzn,  and 
in  Adams-Stokes  diiiW!.«i,se.  In  the  latter  condition  the  auridea  and  ventricles  are  beating 
independently  (see  chapter  on  Adoms-Stokes  disease). 
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IV. 

THE   VENOUS   PULSE   AND    ELECTROCARDIOGRAM 
IN    HEALTH    AND    DISEASE. 


THE  NORMAL  VENOUS  PULSE. 

As  has  been  seen,  the  study  of  the  blood -pressure  and  of  the  arterial 
pulse  conveys  information  regarding  the  strength  of  the  hoart-bcat,  the 
condition  of  the  peripheral  arteries,  and  the  velocity  which  the  heart  is 
imparting  to  the  blood  stream.  But  it  reveals  the  action  of  the  left  ven- 
tricle only,  and  what  occurs  in  the  other  chambers  of  the  heart  must  be 
sought  for  elsewhere. 

In  studying  the  heart  from  the  four  stand-points  of  Engelmann, 
rhythmicity ,  irritability,  conductivity,  and  contractility, 
it  is  necessary  to  obtain  a  knowledge  of  the  origination  of  the  impulses 
in  or  above  the  right  auricle  (atrium),  of  whether  impidses  other  than 
those  causing  the  normal  rhythm  arc  acting  upon  that  chamber,  of  whether 
the  right  auricle  (atrium)  is  itself  contracting,  and  of  whether  all  the 
impulses  are  being  properly  conducted  to  the  ventricle.  Our  knowledge 
upon  these  points  has  been  derived  almost  entirely  from  the  study  of  the 
pulsation  in  the  jugular  vein. 

Inspection  of  the  Pulsation  in  the  Veins, — As  Hewlett  has  shown,  a  pul- 
sation is  visible  over  the  jugular  vein  in  the  supraclavicular  fossa  in  over  80 
per  cent,  of  normal  individuals.  Morrow  has  also  observed  it  in  all  the  large 
veins  of  dogs,  and  Friedreich  mentions  its  presence  in  the  arm  veins  of  man. 
This  pulsation  is  not  a  pHDsitive  l>eat  like  the  arterial  pulse,  but  is  a  collapse 
of  the  vein  due  to  the  suction-pump  and  not  to  the  force-pump  action  of  the 
heart.  It  is  the  collapse  rather  than  the  pulsation 
which  is  visible.  Since  the  vein  collapses  only  when  the  venous  pres- 
sure is  less  than  the  atmospheric  pressure  {i.e.,  zero),  it  is  evident  that  the 
pulsation  will  be  seen  best  when  the  pressure  within 
the  vein  is  alternating  between  a  positive  press  uro 
which  fills  the  vein  and  a  negative  pressure  which 
collapses  it.  In  prjtrsons  with  a  high  venoiLs  pressure  this  condition 
can  be  elicited  l>est  on  sitting  up  and  lowering  the  feet  or  on  standing^  in 
those  with  a  low  venous  prcs.sure  the  pulsation  can  be  brought  out  by  laying 
the  patient  horizontal  or  even  by  elevating  his  feet. 

It  is  also  pxitssible  to  emphasize  the  pulsation  so  that  it  can  be  seen  and 
timed  more  ea.sily  by  the  simjile  jjrocedure  uf  holding  the  edge  of  a  visiting 
card  parallel  to  the  skin  over  the  sternocluidomaHtoid  and  aljout  I  mm,  away 
from  it  (Plate  XIII).  The  to  ami  fro  movement  of  the  vein  can  thus  l>e  seen 
as  an  alternate  widening  and  narrowing  of  the  slit  lietween  skin  and  card, 
which  appears  as  a  dark  baud  uf  isliadt)W,  widening  with  tlir  mllapses  of  tht» 
vein,  narrowiiij;  with  the  filling.  The  \isual  impres.siou  made  l»y  this  move- 
ment is  enhanced  by  the  juxta}:K)siti()n  uf  thr  cMril  or  simiiar  object,  owing 
to  two  psychological  factors: 
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1.  The  raoveraent  of  a  moving  surface  is  exaggerated  by  contrast  with 
the  fixity  of  a  fixed  line  in  close  approximation  to  it. 

2.  The  intensity  of  a  visual  impression  depends  upon  the  relation  be- 
tween the  amount  of  the  total  impression  and  the  increment  of  change.  If 
the  card  is  so  held  that  the  slit  between  the  card  and  skin  is  two  millimetres, 
a  collapse  of  only  two  miliimef.res  doubles  the  diameter  of  the  slit  between 
them  and  the  visual  impression  thus  alternat-cly  doubles  aud  halves. 

3.  The  contrast  between  the  white  surfaces  of  card  and  skin  and  the  dark 
shadow  cast  by  the  card  gives  a  contrast  of  light  and  shadow. 

The  pulsation  can  also  be  exaggerated  in  another  way  -  by  holding  a  pencil 
near  the  skin  and  burning  the  patient  so  that  the  light  is  faliiiig  almost  parallel 
to  the  pulsating  skin  surface  and  almost  jx-rpendicular  to  the  ilirection  of 
pulsation.  If  the  room  is  darkened  this  can  be  accomplished  most  easify  by 
using  a  pocket  electric  light  or  a  drup-ligiit  as  the  source  of  light  and  moving 
it  about  until  suitable  shadows  are  obt^^iined.  The  movement  of  the  shadow 
may  be  four  or  five  times  as  great  as  that  of  the  pulsation  itself. 

Another  very  ingenious  method  of  exaggerating  a  shadow  has  been  de- 
vised by  Henry  Sewall.  It  is  performed  by  fixing  a  strip  of  card  about  2  mm. 
wide  to  the  skin  over  the  pulsating  area  by  means  of  adliesive  or  by  a  drop 
^©f  collodion  antl  allowing  this  bit  of  card  to  move  like  the  lever  of  a  tanilx)ur; 
that  the  end  of  the  lever  exaggerates  the  pulsation. 

It  is  equally  necessary,  however,  that  the  pulsations  in  the  veins  should 
be  compared  with  the  beats  in  the  carotid  artery  as  a  standard  of  time  and 
rate.  During  every  observation  of  the  venous  pulse  the  observer  should  keep 
one  finger  tightly  pressed  on  the  carotid  and  should  note  carefully  whether 
the  pulsations  seen  over  the  jugular  precede,  accompany,  or  follow  the  ar- 
terial pulsation,  as  well  as  the  number  of  pulsations  accompanying  each  Ijeat 
of  the  carotid,  the  number  of  each  in  ten  seconds,  anti  the  number  of  Jugular 
pulsations  occurring  between  successive  pairs  of  carotid  beats. 

Auscultation  of  the  Veins, — Josu6  has  found  that  each  pulsation  of  the 
vein  in  the  supraclavicular  fossa  often  gives  rise  to  an  audible  sound  when  a 
stethoscope  is  held  over  it,  one  sound  corresponding  to  each  filling  or  positive 
wave  in  the  vein.    This  method  also  is  a  great  help  in  diagnosis. 

GRAPHIC    RECORDS    OF   VENOUS   PULSATIONS. 

A  far  more  exact  idea  of  the  nature  of  the  jugular  pulsation  can  be 
obtained  by  recording  it  graphicalSy  than  by  mere  insjK^ction.  With  pro[)er 
a|)paratus  this  is  not  accompanied  by  any  diffifulty,  and  a  satisfactorj' 
reconl  of  lx>th  venous  and  carotid  pulsations  can  be  obtained  in  about  the 
same  time  as  a  radial  sphyginogr.im.  For  thr  interpretation  tjf  the  venous 
tracing  it  is  necessary  to  compare  it  with  the  other  event-s  of  the  cardiac 
cycle,  to  record  simultaneously  the  venous  pulse  and  either  the  art^-rial  pulse 
or  the  cardiitgram,  and  to  see  at  which  point  in  the  cardiac  cycle  etich  event 
will  fall.  Accordingly,  all  form-^  of  apparatus  (polygraph)  for  obtaining 
such  records  are  arranged  for  tidtiug  at  least  two  records  simultaneously. 

Applicntion  of  the  Receivers. — The  pulsation  in  the  juguUir  vein  is  n^corcled  by 
holding  ovpr  the  skin  above  it  a.  small  gliisa  funnel  on  special  receiver  (I'ig.  41,  r).  which  is 
(Xiririeck'd  with  a  Mtirey  recording  kymograph  ttiintKJur.    The  niovemcuta  of  thv  skin  are 
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traiiBinitted  at  once  to  the  kymograph  tambour  and  recorded  by  the  lever.  As  a  rule,  the 
moat  favorable  conditions  are  obtained  when  the  patient  is  lyinj?  with  head  and  neck 
supported  on  a  single  pillow  that  extenda  down  just  to  the  shoulders,  M-ith  his  head  turned 
weL'  to  the  right  and  the  neck  liefitiitely  flexed.  In  tliis  way  the  right  sternocJeidom!i«toid 
IS  relaxe<i  and  a  tracing  over  the  pulsation  from  base  of  the  internal  jugular  vein  is  trans- 
mitted to  the  skin.  When  tliis  ia  not  obtainable  the  junction  of  the  external  Jugular  vein 
with  the  subclavian  should  be  tried  in  the  same  way.    The  funnel  should  be  pressed  against 

the  akin  just  enough  to  moke  the  contact  air- 
tight without  affecting  the  pulsation,  but  this 
is  effec't-wJ  without  any  great  dexterity,  and 
oaciUations  due  to  the  holding  of  the  re- 
ceiver rarely  apfwar  upon  I  he  tracing.  When 
they  dos<)  it  is  in  the  form  «f  Hne  oscillations 
bearing  no  relation  to  the  cardiac  cycle  and 
having  a  rate  of  from  four  to  eight  {ht 
second,  in  coiitnuit  to  the  much  slower  and 
larger  movemeniM  in  the  veins.  Such 
tracings  should  tjc  discarde<i. 

In  many  cases  the  simple  gla-'ss  funnel 
is  not  aa  satififactory  as  a  r<«coiving  device 
intnj<Jlueo*l  by  Muckenzie  (Fig.  41^  v),  coci- 
Kisling  of  a  shallow  metsil  pan  'A  rm.  in 
diameter  with  a  tulic  lea<ling  off  from  it  in 
the  form  siiown  in  Fi^.  '111.  one  portion  of 
the  circumference  l>eing  lbttene<l  instead 
of  round  in  order  to  fit  closely  atnave  tho 
clavicle.  It  is  convenient  to  iiave  a  small 
hole  in  the  top  of  the  pan  so  that  it  may 
be  adjusted  to  the  ekin  without  moving 
the  recortling  lever,  and  after  mlju.'^tment 
is  complete  the  hole  is  cloijcJ  by  placing 
the  finger  over  it. 

The  tracing  from  the  carotid  artery  Id 

obliiinpd   in    a   similar   way,    using   for    u 

receiver  a  small  tambour  surmounted  by  a 

button- to  fit  over  the  artery  (Fig.  41,  i>l. 

A  small   hole  in  the   top  of  this   tambour 

serves  the  game  purp<jae  as  before  and  is 

The  carotid  artery  ia  next  to  the  akin  just 

head    is    tiirneil   toward   the   corre»pt>nding 

side,  the  piJsation  being  most  marked  wiien  the  receiver  la  pre«8ctl  heavily  u|>on  it. 

Comparison  of  Carotid  and  Jujs^tilar  Pulsation.— Since  the  ju»jular  vein 
and  the  carotid  artery  are  at  about  tht'  siuiu'  ili.slancir  from  the  heart,  the 
tracings  from  the  Inttcr  must  always  be  compared 
with  the  former  in  or<ler  to  exclude  waves  which  might  have  been 
transmitted  to  it  from  the  artery,  and  also  to  indicate  the  relations  of  the 
vcnoiia  waves  to  the  cardiac  cycle.' 

This  comparison  may  be  made  by  taking  the  jugular  and  the  carotid  tracings  simul- 
taneously and  comparing  them  with  ejich  other  directly,*  or,  for  the  sake  of  convenience, 

*  Where  great  accuracy  is  necessary  the  onset  of  the  c  wave  must  be  compared  with 
that  of  the  apex  beat. 

-  It  is  not  necessary  tliat  the  levers  be  exactly  superposed,  but  it  is  preferable  to 
meraure  off  tlie  <listance  of  the  given  jwint  horizonlidly  from  the  arc  descrilied  by  the 
Jevor  at  the  beginning  of  the  tracing  (e.g.,  Fig.  44).  Tliis  distance  is  then  laid  olT  ujion  the 
other  curve  in  the  »mne  nnmner.  Wherever  the  curve  may  begin  the  paper  traversea  the 
same  iliBtancc  uptjn  Ijolh  curves  in  the  .same  time. 


«ru>«(iiid«A«tiM 


Fig.  41. — Sites  for  recording  the  juBulnr  and 
carotid  putsBttoa.**.  A,  di^tnbutmn  •>(  tho  vimii<i 
<»littiiediD  black),  ibowitii:  tliociuM  furtipplying  tKe 
jugular  receiver  itruncatwl  lantJ  tli«>caroUtl  receiver 
(concentric  circlwt);  B,  uppeantnoc  of  iUn  valves 
^riihiii  the  jugular  vein  wtien  fli>*e<l  by  Ijatk  pres- 
sure; C,  receiver  for  jugularvcin;  />,  ^prini;  tambnar 
for  reconiiag  Utv  puliMitton  over  lite  cari>tid  artery. 


also  stopped  by  covering  with  the  finger. 
Uifiide   the    stemocleidoma-stoid    when    the 
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Fio.  42. — AppantUB  for  recordinK  the  r«^intion. 
RUB,  rubber  tube;  GL,  glofs  tube 


ft  carotid  and  a  brachial  or  radial  tracing  may  be  made  simuhaneously,  and  the  point  i 
which  the  parotid  wave  begins  marked  oflf  upon  the  latfor.    Thon  a  jugular  and  a  brarhiii 
tra<*ing  may  be  made,  and  the  time  that  the  carotid  wave  occurs  before  the  brachial  niarked| 
off  before  each  brachial  wave  in  this  tra<"ing,  and  these  points  then  measured  off  upon  th 
jugular  tracing.    This  is  often  the  simplest  and  quickest  prcwedure. 

Respiration   Recorder. — It  is  often  of   importance  to  determine  the' 
relation  of  an  arrhythmia  to  the  phases  of  respiration.    The  simplest  de\nce 
for  recording  the  latter  consists  of  a  piece  of  rubber  tube  {Fig.  42,  rub) 
coimected  with  the  tube  to  the  recording  tambours  by  a  short  L-€hai>ed 
piece  of  glass  tubing  (ql).     A  piece 
of  string  or  tape  is  attached  to  the 
rubber  tube,  another  to  the  glass 
tube.   The  apparatus  is  then  put 
on  so  as  to  encircle  the  level  of  the 
nipples.    The  strings  are  tied  tightly 
enough  to  just  stretch  the  rubber 
tube  during  expiration.    Inspiration 
then   causes  a  downstroke  of   the 
levers,  expiration  an  upstroke- 
Forms  of  Poljijraph. — Several  forms 
of  polygraph  for  clinical  purposes  have 
been  devised  to  record  these  curves.  Their 
relative  value  depends  largely  upon  the 

delicacy  of  the  tambours.    The  oldest  form  is  the  polygraph  of  Marey,  consisting  of  an  oi 
nary  kymograph  drum  arranged  to  rotate  horiiontally  with  two  Marey  tambours  to  write 
upon  it,  so  aa  to  record  simultaneously  the  curve  from  the  jugular  and  carotid  or  jugular  and 

cardiogram.  This  is  fairly  satisfactory',  but 
in  mechanical  perfection  some  others  are 
miperior.  Mackenzie  has  devised  two  forms 
of  polygraph.  The  first,  a  simple  Jatjuet 
ephygmograph  upon  which  a  NIarey  tam- 
bour is  mounted  in  addition  so  as  to  record 
the  radial  puise  and  jugular  or  carotid,  etc., 
simultaneously,  the  time  being  marked  off 
in  ii  ecconds  by  a  small  clock-work  as  well. 
In  the  improved  form  of  Mackenzie  poly- 
graph, the  levers  bear  ink  pens  and  write 
upon  an  endless  roll  of  white  paper,  so  that 
a  very  long  series  can  be  obtained.  The 
radial  pulse  is  obtained  by  air  transmission, 
which  ia  a  decided  advantage.  \'.  Jaquet'a 
cardiosphygmograph  differs  from  the  simple 
ephygmograph  only  in  bearing  in  addition 
two  Marey  tambours  whose  double-jointtx! 
levers  write  just  above  the  lever  attached  to 
the  radial  pelotte.  One  great  objection  to 
the  Jaquet  instrument  is  the  inconvenience  of  adjusting  the  8i)hygraograph  to  the  radial 
artery  and  keeping  it  adjusted  during  the  entire  observation,  a  factor  which  is  very  dis- 
eoncertiflg  to  btith  patient  and  physician  and  which  prevents  many  important  observations 
from  being  taken  on  restless  patients. 

This  difficulty  is  obviated  in  the  writer's  modification  of  the  Er- 
langer  blood- pressure  apparatus  (Fig.  22,  page  27),  in  which  two  small 
Marey  tambours  and  a  time-marker  are  arrange«l  to  write  above  the  lever  of  the  blood- 
pressure  apparatus.  When  the  bag  is  inflated  upon  the  arm,  the  brachial  putse  is  recorded 
by  the  lever  of  the  blood-prcsstire  apparatus  and  tised  as  the  standard  instead  of  the  radial  i 


.r-w 


Fio.  43. — V.  Jaquet 'e  cardioiphyKntocrmpn. 
(Kiadness  of  A.  H.  Thomiut  Co..)  a,  time  luarker 
(I  (WO.);  6,  c,  levers  of  Umboura  for  reoordlns 
veaoud  tntctng,  carotid  puUe,  or  cardioerun;  d, 
lever  recordiac  radial  pulse-wavo. 
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pulse.  Thia  entails  no  trouble  and  no  expenditure  of  time,  thereby  saving  much  of  the 
trouble  given  by  the  other  methods,  and  permits  a  Bet  of  records  to  be  obtained  very  quiekly. 
It  is  also  possible  for  the  operator  to  work  with  one  hand  free  and  thus  save  the  necessity 
of  an  assLstaut.  The  curve  thus  ol>tained  from  the  jugular  vein  is  shown  in  Fig.  44  and 
its  relation  to  the  other  events  in  the  cardiac  cycle  shown  in  Fig.  45. 

Recently,  Uakoff  has  constructed  a  very  compact  form  of  this  apparatus,  bearing  an 
Erlanger  biood-preasure  apparatus,  a  tambour  for  recording  the  height  of  the  blood- 
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Fia.  44. — Normal  venous  traniaga.  o,  wave  due  to  auricular  contrnctioo;  c.  wnve  at  onitet  of 
-rentrieular  contraction  fthe  vertira)  tine  c  representintj  the  beffintiing  of  ttiecaroiid  pulse-waveK  x,  tho 
bottom  of  the  mesosyetolic  collapse;  d  lime  of  dicrotic  notcti  iq  the  carotid;  v,  wave  at  end  of  syntole; 
V.  hollow  at  the  end  of  the  post-iystobc  collapae;  f.  d  {Bard),  teleiiystolic  aod  protodiastolic  waves 
described  by  Bard.     (The  x  and  y  depreaaions  are  not  lettered  on  all  tracings.) 


pressure  objectively,  a  tambour  for  apex  or  venous  or  carotid  tracings,  and  an  excellent 
time-marker.  Thia  seenw  to  tie  a  very  good  instrument  of  wide  applicability,  suitable 
to  all  the  needs  of  the   practitioner. 


I 
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A  slight  modificuliun  of  the 
original  Marey  iwdygraph  is  still 
manufactured  by  t!ie  French  inalru- 
ment-makera,  and,  as  the  tanibonra 
which  wTite  horizontally  are  tmcx- 
celled  for  delicacy,  this  form  is  to 
be  higlily  recommend  lmI. 

A.  G.  Gibson  has  devised  an 
upright  polygraph  for  taking  a  con- 
tinuous record  in  ink  upon  an  end- 
less roil  of  paper.  It  is  not  much 
larger  than  the  Mackenzie  poly- 
graph, and  the  fact  that  the  tam- 
bours are  upright  increases  their 
delicAcy  considerably.  This  instru- 
ment is  also  provided  with  a  time- 
marker  and  with  excellent  receivers 
which  may  l>e  tipplied  with  straps 
and  adjusUible  screws  so  that  the 
receivers  remain  in  place  perma- 
nently and  need  not  be  held  with 
I  the  hands.  These  receiver?!,  it  may 
be  added,  may  be  purchased  i^epa- 
ratcly,  and  are  a  great  additimi  t« 
any  form  of  polygraph. 
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FiQ.  45. — Shaded  porlion  of  thw  cnrdinc  cycle  rr{)r('f.fut9 
eyatulc  u(  the  vcQtricJca. 


Photographic  Record  of  the  Venous  Pulse. — The  photojajaphic  sphygmt>- 
graph  devised  by  O.  Frank  (see  page  04)  may  be  used  fur  the  venous  as  well 
as  for  the  arterial  puli»e  and  has  the  advantage  of  freedom  from  artefact  and 
fling.     In  order  to  obtain  both  the  venous  and  the  arterial  puise  simultane- 


ously  the  light  from  the  two  mirrors  of  the  two  Frank  capsules  must  be  kept 
from  interfering,  but  this  may  be  accomplished  by  means  of  a  suitable  screen. 
Phlebogranis  obtained  in  this  way  are  almost  free  from  criticism  and  will  prob- 
ably occupy  much  of  the  foreground  in  the  future. 

THB  MICROGRAPH. 

Crehore  and  Moara  have  employed  for  the  registration  of  both  pulsa- 
tions and  heart  sounds  an  instrumimt  devised  by  the  former  and  termed  the 
micrograph.  The  pulsation  is  received  upon  an  ordinary  receiving  tambour 
and  transmitted  by  a  rubl.>er  tube  to  the  micrograph  proper.  This  instru- 
ment consists  essentially  of  a  small  pressure  chamber  surmounted  by  a  more 
or  less  elastic  diaphragm  similar  to  that  of  a  telephone.  At  the  centre  of  the 
disk  there  is  a  small  reflector,  above  which,  and  separated  from  it  by  a  email 
air  space,  is  placed  a  planocyiindrical  lens,  convexity  downward.  This 
micrograph  is  placed  upon  the  at  age  of  a  microscope  and  iUuminated  from 
above  with  monochromatic  light,  which  gives  rise  to  a  series  of  light  and 
tiark  ooncentric  circles  (interference  rings)  when  looked  at  through  the  micro- 
scope. When  a  vibration  is  communicated  to  the  diaphragm  and  the  mirror 
moves  toward  or  away  from  the  lens,  the  movement  of  these  interference 
rings  greatly  magnifies  the  movement  of  the  diaphragm,  and  when  these  in 
turn  are  viewed  under  a  magnification  of  2000  diameters,  the  original  move- 
ment is  seen  t-o  be  magnified  50,000  times.  As  the  dista,nce  between  two  bands 
of  light  is  readily  determined  in  wave-lengths  of  the  light  used  for  illumina- 
tion, the  amount  of  this  movement  can  be  readily  calculated.  The  move- 
ments of  the  rings  are  recorded  photographically  by  throwing  them  upon  a 
slit  in  front  of  a  rapidly  moving  photographic  film.  In  order  to  obtain  the 
correct  curve,  however,  the  curve  obtained  photographically  must  be  plotted 
out  upon  coortlinate  paper  with  cc^nsiderable  lalwr,  the  ordinate^  represent- 
ing the  amplitude  of  vibration,  the  abscissa  the  time.  Laborious  as  this  method 
may  eeem,  it  is  extremely  delicate,  and  it  is  possible  that  it  may  reveal  many 
facts  undiscovered  by  ordinary  means. 

INTERPRETATION  OF  WAVES  tTPON  THE   VENOUS  TRACING. 

The  curve  of  venous  pressure  obtained  clinically  and  in  animals  (Fred- 
ericq,  Morrow,  Hering,  Theopold)  corresponds  exactly  to  those  obtained 
within  the  auricles  (Chauveau  and  Marey,  Fredericq,  Porter).  The  first 
wave  («)'  in  the  venous  pulse  is  due  to  the  contraction  of  the 
right  auricle,  and  disappears  when  the  auricle  is  paralyzed.  It  occurs 
about  one-fifth  second  before  the  contraction  of  the  ventricle.  The  onset  of 
the  ventricular  contraction  is  marked  on  the  venous  tracing 
by  a  small  wave  (c),  caused  in  part  by  the  pushing  up  of  the  tricuspid 
valve  when  the  intraventricular  pressure  rises  (Hirschf elder,  1.  c,  Bard,  1.  c. 
Morrow,  Cushny  and  Grosh),  and  in  part  by  the  flow  of  blood  from  the  coro- 
nary veins,  which,  as  Porter  has  showTi,  are  forcibly  emptied  into  the  auricle 
at  this  instant  (Sewall  and  Hirschf elder).     Mackenzie  thinks  that  it  is  due 

*  Since  Mackenzie's  first  nomenclature  and  lettcrinR  of  the  waves  was  introdured,  a 
great  variety  of  let  tortnK  and  of  (lpt>igniilion  by  numerals  baa  been  used  by  differptit  authors; 
hut  th(^8P  serve  to  eomplicate  rat hor  than  to  aiinpliry  the  quesliun.  The  leliers  or  nuiiibeis 
are  merely  symbols,  and  a  Bingle  uniform  Bystem  would  be  better  than  a  Babel  of  terms. 
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only  to  the  carotid  pulsation  transmitted  to  the  vein,  but  Morrow  has  obtained 
it  after  ligature  of  the  carotid  in  aniniaLs.  BpHid<'.s  tho  wave  apjM'ars  about 
^  second  before  the  carotid  wave  in  njany  cases  (Hirschfeldi-r,  Bard).  When 
the  tracings  are  taken  from  the  left  jugular  and  right  carotid,  the  c  wave  in 
the  vein  may  be  later  than  that  in  the  artery,  owing  to  longer  time  of  trans- 
mission. The  c  wave  is  almost  always 
present;  but,  as  Bard  has  sliovvn,  it 
may  be  very  small  or  entirely  absent 
in  hearts  whose  ventricles  are  failing 
(Fig.  46),  The  rise  of  the  c  wave  is 
followed  by  a  large  fall  (x),  which 
may  be  the  largest  fall  of  pressure  in 
the  whole  cardiac  cycle.  The  exact 
mechanism  by  which  this  fall  of  pres- 
sure in  the  veins  (and  also  in  the 
auricles)  is  produced,  antl  especially 
why  itslKiuid  sometimes  represent  the 
largest  fall  of  pressure,  is  not  clear. 
It  is  evident  at  this  period  of  the  cycle  that  several  events  are  taking 
place:  (1)  relaxation  of  the  auricle;  (2)  a  certain  amount  of  downward 
pull  which  the  papillary  muscles  exert  upon  the  tricuspid  and  mitral 
valves;  (3)  at  each  sj^stole,  as  can  be  seen  when  the  heart  is  exposed,  the 
movements  of  the  latter  within  the  chest  are  exerting  a  pull  upon  the 
venfB  cavae,  thus  pumping  their  contents  into  the  auricles;  (4)  the  outflow 
of  blood  and  the  decrease  in  size  of  the  heart  during  systole  cause  a  slight 
increase  in  the  negative  pressure  within  the  thorax  which  may  be  trans- 
mitted to  the  thin-walled  veins.    It  is  probable  that  neither  of  these  factors 


Fto.  46. — Venoufl  tracing  ^bowing  «b- 
sraoe  of  the  c  wave  in  a  c«««  of  heart  fail- 
ure. Tlie  trnciDit  i»  otherwise  normal. 
JVO.,  right  jugular  vein;  CAR.,  left  ca- 
lolid  artery.    Time  in  i  aecouda. 


Fia,47.'— A.  Venous  tracinK  showing  auricular pamlyFia  (absfnce  of  a  wnve^  with  large  u     i-ir-  ion 
during  ventricular  ayetoie  betweeacund  v.     b,  Snm«  tracing,  flutter  «p«ed. 

alone  is  responsible  for  the  fall  (x  depression),  but  that  each  is  active.  Cer- 
,  tain  it  is  that  auricular  relaxation  is  not  the  sole  cause,  for  as  shouii  in  Fig. 
[47  it  may  still  be  the  largest  depression  in  cases  in  which  the  auricle  is  par- 
'aiyzed. 

Dr.  PeatHKly  haa  called  the  writer's  atl<Mition  to  a  small  wave  which  is  freniiieotly 
Been  during  midaystolr,  especially  in  tracing.s  froui  vintiroua  heartw,  occurring  jusL  ut  the 
base  of  the  x  depression,  and  which  in  many  cases  caiuiot.  be  due  li>  hmg  of  the  lever.  Tlie 
urigin  and  significjance  of  thia  wave  are  extremely  imrerlain.  It  may  be  really  transmit  led 
from  the  artery;  or,  as  Dr.  Poabody  suggests,  may  be  due  to  slight  inauffieieacy  of  the 
papillary  rhuscles  studied  by  Sewall. 
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The  fall  which  leads  to  the  x  depression  usually  lasts  until  about  the 
end  of  ventricular  systole,  d  (instant  <tf  the  dicrotic  notch),  after  which  it 
is  followed  by  a  large  ri.s«  (diastolic  wave  of  Porter;  v  or  ventricular  wave 
of  Mackenzie;  vs^  ventricular  stagnation  (\'cntrikelgtauungswclk'),  Hering; 
telenystolic  wave,  t,  Hard).  This  wave  is  very  constant  in  its  occurrence 
and  is  usually  supposed  to  represent  stagnation  within  the  ventricle,  lasting 
from  the  end  of  systole  until  the  tricuspid  valve  opens;  the  fall  v~y  indicateft 
the  opening  of    the  tricuspid  valve. 

A8  Bard  has  shown,  t  wo  undulations  are  occasionally  found  (/,  d,  t,  telesyslolic,  occvv- 
ring  at  tfifi  cnt}  of  systole;  and  d,  prolotliastolic,  ocrurring  at  the  very  boginning  of  diastole). 
Bard  states  Ihixt  the  wave  t  is  coincident  with  the  first  ei't'ondary  (predicrotic)  wave  of  the 
arterial  puLse,  the  second  with  the  vibration  of  the  V{'n(rii>l<s  due  to  the  doHiirc  of  the 
aortic  valvfs,  and  Eyster  has  ehown  recently  that  the  noti^h  between  the  t  and  d  waves 
upon  the  venoua  pulae  indicates  ejiactly  the  end  of  ventricular  systole. 


Fio.  48.— Venoua  tracing  from  a  very  Mow  hrart,   with  loud  third  liMirt.  iwunc),  showing  the  presence 
of  tlie  h  wave.    Mtix,  mftximul  blooti-pressurr;  Min,  miinmal  blood -pressure. 


Scwall  believea  that  the  Btagnation  at  the  end  of  systole  (when  the  upstroke  of  the 
V  or  t  wave  occura  before  the  end  of  systole)  is  due  to  a  fatiguing  or  stretching  of  the  papil- 
lary rau-scltw.  riiusing  a  filinht  tricuspiil  regurgitation  at  that  instant;  but  in  cases  mth  no 
murmur  lu  the  Iricusind  region  this  explanation  needs  coiifirraation. 

The  rise  upon  the  o  wave  outlasts  the  end  of  systole  by  about  iV  8*?c., 
which  probaljly  represents  the  time  required  to  transmit  this  change  of  pres- 
sure to  the  veins. 

Most  writers  follow  Mackenzie  in  In^lieving  that  the  ujMitroke  nf  the  v  wave  repre- 
sents stasis  witliin  the  ventricle  lasting  until  the  tricuspid  valve  ojiens,  hut  cardioineter 

tracings  show  that  filling  of  the  ventricles, 
or,  at  leant ,  dilatation,  beginn  at  the  instant 
Hvntole  ends.  Chauveau's  tracings  of  the 
movements  of  the  heart  valves  also  show 
that  the  tricuspid  valve  o]>ena  before  the  time 
ut  which  the  cn^st  of  the  v  wave  appears,  so 
that  it  is  probable  that  this  wave  does  not 
represent  the  very  instant  at  which  the  tri- 
cuspid valve  opens,  but  that  when  the  period 
■x-V'  exceeds  the  trunsiiiission  time  the  interval 
represents  a  period  during  which  the  venou.9 
pretwure  retnaina  greater  than  atmospheric 
pressure.  Or  it  may  last  until  a  Buffieient  amount  of  blood  has  entere<l  the  ventriile  to 
have  relievetl  the  venoua  euKorgement  which  followed  the  cessation  of  the  factors  which 
had  produced  the  z  depression. 

The  descending  limb  of  the  v  wave  continues  as  long  as  blood  is  rushing 
in  to  fill  the  ventricle  (Henderson's  period  of  diastolic  filling),  after  which 


i'lfj.  4'.> — i  r.'kriDg  from  the  sutne  ppr*<>n 
onf  hiitir  Inter,  aft<?r  KivJng:  atrupine  and  quitk- 
eaing  the  pulse.     The  A  wuvc  is  ubscnt. 
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there  is  a  gradual  filling  of  the  vdn  aiid  a  rise  until  the  next  auricular  systole. 
In  slow  hearts  Hirsohfekler  mv\  A.  G.  Gibson  have  shown  that  the  inflow 
into  the  auricles  and  the  filling  of  th*^  veins  is  no  longer  uniform  hut  is  inter- 
rupted by  a  well-defined  wavelet  (k,  Hirschfeider;  b,  Gibson)  which  follows 
the  t'  wave  by  a  tlefinite  interval  (Fig.  48,  h).  Both  these  writers  indepen- 
dently ascribed  this  wave  to  the  snapping  together  of  the 
auricuioventricular  cusps  at  the  end  of  ventricu- 
lar f  i  1  1  i  n  g  in  niid-diu-stole,  anti  the  former  called  attention  to  its  corre- 
spondence with  the  onset  of  Henderson's  period  of  diastasis.  This  fact  is 
further  borne  out  by  the  presence  of  a  corresponding  wave  upon  the  tracing 
from  the  oesophagus  (Fig.  54,  h),  and  it  can  t>e  reproduced  on  a  mechanical 
model.  This  wave  disappears  when  the  pulse-rate  becomes  more  rapid  (Fig.  49) . 

A.  G.  Gibson,  Eyater,  and  the  writer  have  occasionally  seen  a  wnve  w  in  lute  diastole 
of  slow  pube  preceding  the  wave  of  auricular  contraction  (a  wave)  by  a  rather  deSmile 


Flo.  fiO. — Sliowiug  a  wave  w  occurriiiK  i^tmrtly  h<'for(<  the  a  wave.     (F^rotn  a  iractng  tctade  in  ooUaborattan 

with  Prof.  L.  F.  Barker.) 
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interval  (Fig  50).  The  distance  from  the  h  wave  varies.  This  wave  is  adfninicd  by 
the  fonner  writer  to  represent  a  contraction  originating  in  the  sinus  region  of  the  heart. 
However,  Hirschfeider  has  recently  prwluced  sitnilar  waves  upon  a  mechanical 
niodel  and  proved  that  they  are  tuerely  waves  of  elastic  recoil  like  tlie  accessor}'  waves  on 
the  arterial  pulse. 

VISUAL    EXAMINATION   OF   THE   VENOUS   PULSE, 

Some  of  these  events  in  the  cardiac  cycle  may  be  clearly  distinguished 
with  the  naked  eye  by  the  methods  described  on  page  72.  The  vein  will  be 
Been  to  fill  twice  (o  wave  and  v  wave)  and  to  collapse  twice  {x  depression  and 
y  depression)  for  each  beat  felt  in  the  carotid  artery  ("pre.systolic-chastolic," 
"physiological,"  "negative/'  "double"  venous  pulse  (Hirsehfelder)  ).  Josu6 
can,  over  a  normal  vein,  hear  three  sounds  in  gallop  rhythm,  corresponding 
t-o  the  a,  c,  and  v  waves.  These  waves  may  be  timed  less  accurately  with 
the  eye,  but  although,  as  Mackenzie  states,  visual  examination  may  save 
the  examiner  many  unnecessary  tracings,  it  should  not  be  relii-d  upon  in 
doubtful  cases.  For  examj)Ie,  a  simple  mesosystolic  collapse  (like  that  shown 
in  Fig.  44}  with  fibrillation  of  paralysis  of  the  auricles  rasiy  simulate  a  normal 
I'enous  pulse. 

ABNORMAL  TYPES  OF  VENOUS  PULSE. 

Auricular  Paralysis. — Besitles  this  normal  (negative  or  double  venoua) 
I  pulse  .'Jeveral  other  tj'^pes  of  venou.s  pulse  are  seen.  In  venous  stasis  and 
I  cardiac  failure  the  auricles  may  soon  become  weakened  and  the  a  wave,  due 
[to  their  contraction,  may  disappear  entirely  (Figs.  47  and  51).  V.  Frey  and 
IKrehl  dfmonstrated  that  this  takes  place  in  animals  when  the  venous  pres- 
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sure  reaches  20  mm.  Hg,  and  it  may  occur  in  man  even  when  the  electro- 
cardioRrain  shows  ati  auricular  wave  (Lowi!>). 

Positive  Venous  Pulse. — The  ventricular  ty]>e  of  venous  pulse  is  met 
with  when  the  heart-rate  is  rep;ular  in  cases  of  tricuspid  insufficiency  and 
paroxysmal  tachycardia,  but  is  most  frequently  seen  accompanying  the 
absolute  irregularity  due  to  auricular  fibrillation.  In  the  latter  ca»^e,  as  The- 
opold,  Cushiiy  and  Edmunds,  and  Rihl  have  shown,  the  tricuspid  valves 


FiC.  51, — Positive  or  ventricular  type  of  venoun  piiU«  in  triou«pirt  insuiSciency,  showing  kbfl«ooe  of  th« 
a  W8VU.     VJiy,  right  jugular  vein;  ACS,  left  carolid  art«ry. 
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prohahly  close  perfectly,  but  the  ventricular  form  is  due  to  stasis  and  the 
effect  of  small  auricular  nMnvments.  On  the  other  hand,  as  Rihl  has  shov»ii, 
tricuspid  insufficiency  may  bo  present  without  a  positive  venouR  pulse. 

Information  furnished  by  the 
Venous  Pulse.— It  is  apparent 
frf>m  the  above  dewcription  that 
the  following  facts  are  to  be 
learned  from  tlie  ntjrmal  venous 
pulse-curve:  (1)  whether  the  au- 
ricle (atrium)  is  contractiniJ:,  ami 
whether  each  auricular  (atrial) 
contraction  is  followed  by  a 
ventricular  contraction;  (2)  the 
time  required  for  the  conduc- 
tion of  the  impulse  from  auricle 
(atrium)  to  ventricle  (the  inter- 
val o-c  on  the  tracinpj,  alwnit  i 
sectmd  in  normal  individuals — 
conduction  time);  (3)  whether  or 
not  the  tricuspid  valve  is  closing 
perfectly  (shown  by  the  fall  or 
pressure  during  systole  and  the  subsequent  v  wave).'  In  irregular  pulses 
many  more  important  facts  are  to  bo  learned  from  the  venous  pulse,  which 
will  be  discussed  in  connection  with  this  disturbance  of  function. 


BRACK 


Fia.  52.— Positive  or  ventricular  type  of  venous  pulse 
in  trimirpid  in.-utRfiency,  .atniwing  absence  of  ihi'fl  wave. 
JUG,  rigUl  jugiilar  veiu;  tiRACll,  right  bracliioi  artery. 


(ESOPHAGEAL  TRACINGS. 

The  venous  pulae  tracing  nn'fals  the  conditJf>n.s  prnvuiling  in  the  right  auricle  (atrium) 
and  thw  stal<?  of  the  tricuspid  valvp.  A  corresponding  inv<'stigatioa  of  the  state  of  the 
li-ft  auricle  (atrium  J  und  of  the  niitra!  X'alve  waa  made  poBsible  by  a  method  ut*«i  in  ani- 
mala  by  Fredericq  and  in  man  by  yarolea  (1890),  Minkowski  {19CN3),  Rautenbcrg  <1907), 


■  Thia,  aa  has  been  shown  by  Mackenzie  and  by  Rihl,  is  not  absolute. 
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Hewlett  (1907),  Joachim  (1907),  Lian  (1909),  Clerc  and  Eamein  (1910).  Miakowaki  calla 
atteotioQ  to  tbe  fact  that  at  the  level  of  the  seventh  to  the  ninth  thoracic  vertehrao  (flbtnit 
35  to  37  cm.  from  the  teeth)  the  left  auricle  is  in  contact  with  the  a^sophajfus,  and  when  one 
introduces  a  stomach-tube  to  tiiia  level  it  receives  impulses  from  the  left  auricle  aloae. 
Accordingly,  an  ordinary  stoma<!h-tube  Is 
capped  with  a  thin  ruhlxT  finger  cot,  and  the 
latter  secured  by  winding  a  silk  hgaturc  sev- 
eral tunes  around  it.  The  elorna<h-tube  is 
then  swallowed  by  the  patient  unt  il  i1  extends 
down  35  to  37  cm.  from  the  treth.  It  is  then 
connected  with  a  Marey  tambour  whose  oscil- 
lations record  the  contraction  of  the  auricle 
and  ventricle  (Figs.  53  and  54).  The  fall  in 
the  wave  occurs  when  the  auricle  moves  away 
from  the  oesopliagus,  the  rise  when  it  jj*  presses! 
against  the  latter  by  filling  with  blocxi.  Under 
ordinary  circumstances  ventricular  as  well  as 
auricular  systole  draws  the  auricle  away  from 
the  cesophagusBO  that  the  falls  and  rises  cor- 
respond to  auricular  and  ventricular  systole 
respectively. 

(Esophaseai  Tracing  in  'Mitral]  Insuffi- 
ciency.— When  the  mitral  valve  does  not  close 
(mitral  insuHicieucy),  blood  is  forced  back  into 
the  auricle  during  ventricular  systole,  and, 

instead  of  a  faD,  there  is  a  rise  during  systole.  Minkowski's  method  furnishes  tbe  means  for 
obtaining  the  mi.ssing  link  in  our  knowledge  of  the  cardiac  impulse  and  the  meaning  of 
functional  murmursi,  but  unfortunately  the  swallowing  of  the  stomach-tube  is  so  disagree-^ 
able  to  the  ordinary  patient  and  so'dangerous  in  ail  very  severe  cases  as  to  preclude  its 


Fta.  63.— Methwl  of  taking  trncing  from 
the  saophagua  to  nhow  the  coatrmctioiu  of 
the  left  auricle.  Tl^e  arrow  points  to  l}ie  thin 
rubber  bulb  at  the  end  of  the  a'«upha«eal  tube. 
HT,,  tftomach. 
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Flo.  54. — CEsophugcal  onJ  carolid  traciuga  fr<jm  n  Qormal  man. 

•doplioii  info  general  use.  Patients  can,  however;  ofteti  be  traiiicii  to  .swallow  the  Momach- 
ubc  without,  difficulty,  or  a  rubber  tube  of  small  bore  may  be  substituted,  and  then  very 
iisfoctory  results  may  be  obtained- 
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INTRANASAL  TR.VCINGS. 

Mosso  and  also  the  wTiter  have  obtained  very  satr-sfactory  cardiographic  curves  from 
the  changes  of  air  pressure  within  the  thorax.  These  may  be  obtained  by  placing  in  one 
nostril  a  cork  perforatcti  by  a  gla.^-*  tube  which  is  connected  with  the  reconJing  lever.  The 
lips  are  closed  and  the  other  nostril  ia  closed  by  pressure.  Or,  the  tube  may  be  placet!  in 
the  mouth  and  both  nostrils  closed  by  pressure.  The  glottis  must  be  open  and  the  breath 
held.  Oirves  thus  obtained  closely  resemble  the  cesophageal  tracings  in  normal  indivi- 
duals, though  the  waves  are  smaller. 


THE  ELECTROCARDIOGRAPH. 

In  recent  years  another  incthod  for  the  observation  of  cardiac  function, 
I  the  study  of  the  electrifal  variations  afcorapanying  the  heart-l'cat,  has  at- 
■    tracted  much  attention,  and  has  yielded  so  many  results  of  both  theoretical 
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and  prat'tical  importance  that  it  has  come  almost  to  supplant  the  ven«»  j 
pulse  tracing  for  the  analyt^is  of  the  arrhythiiiia.sJ 

Historical. — The  eiudy   of  the  elect riciil  variationa  of  the  heart-beat  is  not  new* 
Kollikc-r  and  Miiller  in  18,>.>  frntntl  that  each  bpat  of  the  frog's  ht^art  was  a('Comj)ani«l  by  » 
definite  electric  current,  and  numerous  subsequent  observers  verified  their  findings.    In 
1S87  Ludwig  and  his  pu]iil  Waller  applied  these  findings  to  raanj  and  discovered  that  the 
currents  accompanying  the  beat  of  the  human  heart  could  be  recorded  by  means  of  tlv« 
Bpillary  electrometer  when  electrodes  were  phired  upon  tJie  precordial  region.     Their 
""fitudies  were  extended  by  Einthoven  of  Jjcyden  in  1K95,  but  he  soon  found  that,  althoufji 
electrical  curves  (electrocardiogr:yii.H)  coiihl  be  obtained  in  thia  way,  the  inertia  of  the  cap- 
illary electrometer  was  too  great  to  resjKmd  satisfactorily  to  the  changes  of  l/'ltXKK)  to 
1/3000  of  a  volt  which  are  concerned  in  the  heart-beat  and  that  a  more  deUcale  method 
mui*t  be  resorted  to.    In  1S97  Ader  inva^nted  a  new  type  of  galvanometer,  now  known  u 
the  string  galvanometer  or  thread  galvanometer,  whose  delicacy  was  almost  sufficient  for 
the  puqiose.    This  galvanometer  depends  uijon  the  well-known  fact  that  a  current  gen-  , 
erates  a  magnetic  field  acting  at  right  angles  to  ita  course,  which  varies  with  the  strength  | 
of  the  current,  and  wliich  may  thus  exert  a  varying  attraction  or  repulsion  upon  a  aecood 
magnetic  field  in  its  vicinity.     In  Ader'a  instnmient,  which  was  designed  for  receiving  j 


Fio.  65. — Photograph  of   the   elrctrocardioffraph   lahornlory  or   "tieart  atntioa  "  of   the  Johna  Hoplcuia 

HospUal. 


transatlantic  dispatches,  a  copper  or  aluminum  wire  100  cm.  long  and  0.2  mm.  thick  wi 
used  to  carry  the  current, 

Einthoven  (1903)  cunstructcd  a  much  more  delicate  modification  of  this,  in  which! 
the  current  from  the  boily,  whiclr  is  thus  varying  in  intensity,  is  carried  ujMjn  a  silver- 
coal  i^i  fjuartz  or  a  plalinum  fihiment  about  3m  TOOS  mm.)  thick.  This  wire  is  so  fight 
that  its  weiglit  is  negligible,  for  it  cannot  be  weighed  with  the  most  delicate  balances.    It 
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'The  entire  literature  of  thifl  eubject  up  to  1910  has  been  colKHtetl  and  re\newe<i  by 
Lewetlys  F.  Barker:  Electrocardiography  and  Phonocardiography,  .Johns  Hopkins  llotip,! 

Bull.,  Ralliniore.  ItllO,  xxi,  'S59.  and  Ft.  Kraus  and  Oe.  Fr.  Nicolai:  Das  Elcktro-J 

kanfingramm  dc.^  gesunden  mid  Kranken  Menschen,  Ijoipz.,  1010:  other  reviews  r" 

the  literature  arc  to  be  found  in 
T.  Lewis:  Chapter  on  the  Electrocardiograph  in  Mackenzie's  Diseases  of  the  Heart, 

etfition. 
W.  B.  Janice  and  H.  B.  W'illiMnis:  The  Electrocardiogram  in  Clinical  Medicine,  Am.  J.  M* 

Sc,  Fhila.  and  N.  Y.,  1910,  cxI,  04(. 
A.  D.  Ilir^cfiff  Ider:  Recent  StiKlics  ujKin  tlie  Electrocardiogram  and  upon  Change  in  tha 

Volume  of  the  Heart,  Interstate  M.  J.,  St.  Louis,  1911,  xviii. 
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is  sxisppncled  between  the  poles  of  a  very  pow-erfiil  clcctromaKJiet  with  large  cast-iron 
armatures.  The  movements  of  the  thread  are  recorded  by  projectinR  its  shadow  under  the 
raoguific-ation  of  n  high-pciwer  niiiToacope  upon  the  slit  of  a  sspeeially  de\nse<l  cutnera,  ubout 
six  feet  away.  The  film  of  this  camera  moves  rupidly  piist  the  slit,  and  the  oscillations  of 
the  thread  are  recoided  as  a  curve.  The  tiiiiB  is  indicated  by  the  shadow  of  a  time-marker 
placed  in  front  of  the  slit. 

The  current  i.s  led  off  from  the  Ixnly  from  German  silver  or  zinc  electrodes,  covering 
the  forearm  placed  over  a  felt  soaked  iu  physiologiail  .salt  solution  (Fig.  58).  Thus  obtained 
it  represents  the  difference  of  potential  lietween  the  .'^kin  mnder  two  electrcKles,  and  is  gen- 
erated by  two  eleinenta.  1.  The  ixirmanent  difTerence  of  potential  l>etween  these  two  tliffer- 
cnt  parts  of  the  body,  which  is  dependent  Ufx)n  loiud  eonditiorjs  of  the  skin  and  ti-^sues 
and  i-s  quite  independent  of  the  cardiac  cycle.  Thiti  is  known  as  the  curix-nt  of  rest. 
2.  The  oscillatioiw  due  to  the  ac.tion-purrt?nt  of  the  heart  itself,  the  electrocardiognim 
proper.  Since  we  are  interestt'd  onl>-  in  the  latter,  the  current  of  nM  is  neutralized  by  pass- 
ing through  the  galvanometer  a  buttery  current  exactl}'  equal  to  it,  but  oppoijite  in  direc- 
tion/-  after  which  compensatio^n  tJie  only  current  acting  upon  the  galvanometer  is  that 
which  accompanies  the  contraction  of  muscles.    AMk  n  the  patient  ifi  quiet,  the  tonic  con- 
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Flu,  50. — Cambrulgc  tiiixiificaliun  n(  Einthovi-ij  a  strinj?  Kulviitiotuctor.     A,  the  eiilvnnonicter  with  it« 
tuagueU  ami  microflcopo.     li,  the  holder  for  the  fiianteut. 

[  tractions  of  the  skeletal  muscle*  play  but  a  little  rOle,  and  the  action-current  that  is  ob- 
served is  seen  to  accompany  cardiac  contractions  (Fig.  59).    Contraction  of  the  \mm\  or 
I  foot  mtiBcies  exerts  a  definite  efTect,  which  is  nuich  slower  than  the  cardiac  impulse;  and  the 
I  same  is  true  of  the  wave  accompanying  deep  inspiration. 

I  Einthoven  has  shown  tliat  it  is  by  no  means  neccRsary  that  the  patient  be  kept  in 

'  the  same  room  with  the  instrument,  but  that,  on  the  conlrar^',  the  wards  of  tlje  hospital 
may  be  connected  by  wires  with  the  electrocardiographic  laborat-ury  and  the  jinf  icnt  thus 
I  e.vainuietl  without  leaving  his  bcnl  or  even  changing  hi.i  pi>aition.  Ttw  winng  in  ffus  case 
I  cnhnol  be  done  on  a  grounded  circuit,  but  requires  double  wires  placed  tiiidergruund  and 
hery  completely  insuhitwl.  If  this  is  done  the  elcctrocardifjgraphic  variations  are  com- 
j(2jmmcj»t^?d  very  well  to  a  great  distance,  Einthovon  s  own  !aborntor\%  in  which  the  original 
pvork  wa-s  done,  h.qving  l>een  located  15  kilometre.*'  (one  mile)  from  the  hospital  in  which  the 
--w'lentfl  lay.  \\'itlj  proper  can-  even  gre.it<>r  distances  are  feasible.  In  the  ."^hort  8|)ace 
etw'en  the  wards  and  the  Iaborator>-  of  the  Johns  Hopkins  Hospital  no  difficidties  were 
DcouKtcred. 

In  practice,  the  setting  construction  and  setting  up  of  an  electrocardiographic  outfit 
or  'heart  station  "  is  .-i  very  laborious  m.if tcr.  The  in.strumcnt.'^  themselve??  may  l>e  bought 
—  "  made  at  a  conaiderable  cost,  but  nmch  laJK>r  must  still  be  spent  in  installing  them. 
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the  electromagnets  of  the  galvanometer,  and  the  main  circuit  connecting  the  galv 
and  the  patient- 

1,  The  electric  light-circuit  must  be  capable  of  carrying  over  ten  amperes  of  11 
220  volts  for  supplying  a  large  arc  lamp.  For  the  inBtaliation  of  two  galvanometers  f 
must  be  t^ed  which  are  capable  of  carrying  between  20  and  30  amperea,  or  a  double  cil 
installed. 

Arc  lamps,  such  as  are  used  for  atereopticonsor  moving  pictures,  suffice  for  all  purpt 
and  an  automatic  feed  for  the  carbons,  though  very  convenient,  is  not  indispensable. 

Just  as  for  magic-lantera  work,  the  lamp  must  be  provided  with  a  cooliug  chamba 
water,  having  parallel  glass  walls  at  least  two  inches  apart.    By  staining  the  water  in 
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cooler  with  methylene  blue  or  sonie  other  fluid,  it  is  possible  to  obtain  an  almost  mono- 
chromatic light,  which  Kives  much  sharper  outlines  to  the  shadows  upon  the  film  and  greater 
contrasta  than  are  otherwise  attainable. 

t  THS  BTBINO   tiAI>VANOM£TEB. 

A  pljglit  mo*iification  of  Einthoveu's  original  modi'l  may  be  ubtaiDeil  from  the  firm 

of  Edflmaim  of  Muni(?h,  the  Caituhridge  Scientific  Apparatus  Co.,  of  Cambridge,  England, 

and  Wertheim-Solamooson  of  Amsterdam.    As  stated  above,  it  consists  essentially  of  a 

fine  filament  of  platinum  or  silvered  quartz  which  is  suspended  between  the  two  poles  of 

I  a  large  electromagnet     Ihe  Cambridpe  apparatus  in  the  most  convenient. 

The  two  poles  of  the  ekni  romagnets  consist  of  large  wire-wound  eoft-iroti  cores  capa- 
ble of  generating  a  field  of  2iO,(MX}  electromagnetic  unita  (C.  CT  S.)  per  q.  cm.    Each  core  k 
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Fin.  5S. — Dia«rurt4  fihowint;  the  uinin  conuecLiuoj*  (or  tho  ult-ctrocurtlio^raph.  Tho  henvii'st  lines 
niO>220  V)  mark  tlio  electric  lit;ht  cuunuctiuuti:  the  medium  liuett  indicate  the  muiu  ctrciul  froin  right 
li&ad  (RID,  left  b&od  (£,//)  or  left  foot  iLF)  of  the  patieat  tbruuKb  tlif;  golvaQoaioter,  showiag  the 
sbunt  through  tbo  rboootat  (RIfSOST).  The  galvaaoiueter  ia  ehowa  1x-two«a  the  two  poles  of  tho 
MAGNET,  which  is  chnrged  by  the  atorago  battery  circuit  (10  V).  The  connectiomi  lor  the  ooinpe&sBtins 
current,  abown  in  the  darkly  shaded  area;  those  for  the  atandardiiing  irurreut  are  ehowo  id  tbo  ligbtly 
■haded  area.    The  conatruction  of  the  photo-reKiatration  apparatus  ia  ahowa  upoo  the  rtgbt  of  the  figure. 

penetrated  by  a  large  hole  to  accommodate  a  microscope  t-o  condense  the  light  upon  the 
filament  and  to  magnify  the  image  of  the  latter.  Thti  electromagnets  are  charged  with  a 
current  from  a  ten-volt  storage  battery,  which  w  provided  with  coonectiona  for  recharg- 
ing, preferably  from  a  direct  strwt  current - 

Between  the  electromagnets  there  is  a  framework  for  holding  the  thread-carrier. 
The  latter  is  a  small  separate  holder  consisting  of  an  upright  frame  with  binding  posts  at 
each  end.  The  upper  binding  post  ia  provide<l  with  a  mi<Tt>iiieter  scn-w  for  adjusting  the 
tightness  of  the  filament  and  binder;  thus  each  binding  post  ia  provided  with  two  laterally 
acting  micrometer  screws  for  centring  the  filament  between  the  lensca  of  the  microscopee 
after  its  tautnesa  has  btjen  adjustrxi. 

The  Galvanometer  Thread. — The  thread  or  filament  which  constitutes  the  main  part 
of  the  galvanometer  may  be  either  of  platinum  or  of  quartz  coated  with  silver,  but  in 
neither  caae  should  its  diameter  be  greater  than  three  microns  (3m). 
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DISEASES  OF  THE  HEART  AND  AORTA. 


Platinum  Filaments. — The  platinum  filann^nla  can  ho  prepared  from  ordinar>'  Wo!l»- 
ton  win-,  pliitimnti  wire  cuuI^mI  with  silver  and  then  drawn  out  as  fine  as  f)ossiblc,  by  ^impljr 
diasolving  off  t  he  silver  with  dilute  acid. 

This  prcK-ithirf,  which  at  first  blush  appears  cxtremdy  siiuplp,  is  a  matter  of  a  eood 
dral  of  technifiil  diffirulty:  first,  because  the  platinum  core  of  the  Wollaston  wire  is  by  W> 
means  uuif<^>rni,  and  many  siimplea  tnuy  be  used  up  before  a  piece  ten  (centimetres  in  len||;tl 
ran  be  secured;  unti,  soeontily,  because  the  surface  tension  i>f  the  acid  is  fitrong  enough 
break  many  filannnts  ua  they  are  being  liftwl  ont  of  it.  Indeed  twenty  or  more  bit3  0(j 
Wollnston  wire  may  be  used  up  before  a  single  filament  is  oblained  in  tliis  way, — at 
until  one  has  acquirt^l  some  <legree  of  skill  in  the  teehnicjue. 

The  filamentaare  then  soldered  on  to  the  ends  of  the  thread -holder,  which  are 
carefully  coatnl  with  ordinary  soft  Bolder  or  Woods'  metal,  using  acid-free  zinc  chloi 
6(flution  or  a  solder  paste  aa  the  flux.    The  solder  croat  la  then  softened  once  more  and 
end  of  the  filament  caught  in  it  without  allowing  the  latter  to  touch  the  soldering  iron. 

Preparation  of  Quartz  Filaments. — Filaments  of  silver-coated  quartz  are,  however,' 
six  or  seven  timea  more  senjiitive  and  are  capable  of  being  made  much  more  tense  thi 
those  of  platinum.  According  to  Wertheim-.Solamonson,  quartz  filaments  may  be  pre* 
pared  in  tbe  following  way:  The  oiwrator  sits  with  his  back  to  the  tight,  facing  a  screen 
of  black  silk.  Tliis  .silk  curtain  is  hung  a  couple  of  feet  above  the  head  of  the  operator 
and  passes  obliquely  downward  to  a  horizontal  bar  above  the  opposite  edge  of  the  table, 
so  as  to  catch  all  the  fine  filaments  that  maybe  blown  off  the  quartz.  Uy  means  of 
o.vygen-illumina(ing-ga«  burner  he  fuses  a  slick  of  quartx  in  the  middle,  draws  it  oi 
rapi<lly,  cuts  if.  at  ila  thinnest  point,  and  benda  the  tapering  portion  in  the  flame  to  a  rigl 
angle  about  5  cm.  from  the  end.  The  shaft  of  this  L  i.s  then  placed  in  the  axis  of  the  bl; 
flame  and  in  fu.sing  it  fine  filaments  will  be  found  to  be  blown  off  onto  the  etilk  screen, 
pecially  ita  upper  portion.  These  filaments  are  taken  up  on  a  ,— '  shaped  bow  of  glass 
to  which  they  are  sealed  with  melted  rubber.  The  holder  and  t&ea<i  arc  then  immerse<l 
a  5  iKT  cent,  solution  of  the  double  cyanide  of  silver  and  potassium  and  plated  with  a  10- 
micro-amperc  current  using  a  high  graphite  resi-^tance  (the  current  strength  must  be  con- 
trolled with  a  very  fine  ammeter),  gradually  sinking  them  lower  and  lower  in  the  fluid. 
They  are  then  carefully  removeirl  and  washed  several  times  by  dipping  in  distilled  water. 
After  tills  proceflure,  the  ends  of  the  filament  are  copf)er-plate<l  by  clamping  a  fine  cop] 
wire  (cathode)  against  them  and  then  immersing  the  other  end  in  a  very  dilute  O 
solution  in  a  bath  containing  a  copper  atrip  (anode)  also  connected  with  the  battery. 

WTien  the  ends  are  copper-plat«d,  the  filaments  are  soldered  into  the  holdens,  as 
described  above. 

Wertheim-Solaraonson  states  that  in  this  way  he  has  been  able  to  obtain  excellent 
filaments  with  a  thit'kncsa  (including  coating)  of  not  more  than  \.l)i  (.0017  mm.)  and  a 
resistance  of  only  4 10  ohms. 

Inserting  the  String.— The  filament  is  then  placed  loosely  in  a  temporary  holder  witkj 
which  it  can  be  carrieil  to  the  holder  of  the  galvanometer. 

Before  doing  so  it  must  hs  atretched  autficiently  taut  in  the  holder  by  means  of  &  mi* 
crometer  screw.  The  fiiament  is  so  thin  that  this  is  a  matter  of  some  delicacy.  The  fila- 
ment itself  can  barely  be  seen  even  in  a  strong  light  aguunst  a  dark  background,  an<l  when 
it  is  loose  it  can  easily  be  broken  by  the  brcatliing  of  the  observer.  When  sufficiently  tight 
for  placing  in  the  galvanometer,  it  will  be  moved  only  '2-.i  mm.  by  a  gentle  zephyr,  or  by 
gentle  breathing  of  a  person  about  a  foot  away.  It  is  then  placed  in  the  holder  of  the  gal- 
vanometer and  transferred  to  its  place  between  the  elect  ro<les  and  jurit  in  front  of  the  lenses; 
of  the  1  wo  microscojies.  This  must  be  dune  with  great  care  and  u!l  draughts  or  currcnta 
air  tmist  be  a\'oi<led.  Care  must  betaken  that  no  current  is  passing  through  the  electromag-i 
nets  while  the  thread  is  being  fttJjusted.  Even  if  tJiese  are  frt«  from  current,  the  a<ijustmeni 
nnist  be  carried  out  slowly,  gradually  tightening  the  screws  and  gradually  eliding  the  hold 
in  between  the  Ivn^^s  to  keep  the  filament  from  toucliing  the  latter  and  adhering  to  thei 

\VIicn  the  filament  is  brought  between  the  lenses,  it  must  be  accurately  centred.  Thi 
light  is  turned  on,  the  microscope  lenses  are  focuse<l  so  as  to  throw  a  sharp  shadow  of  th 
thread  on  a  screen,  and  the  filament  is  adjuste«l  by  means  of  the  centring  screws  to  bring 
to  the  exact  centre  of  the  ma^^netic  field.  This  is  attainc'*!  when  the  thread  Is  no  longer 
pulh^l  out  to  focu."*  by  making  or  breaking  the  circuit  through  the  electromagnet,  but 
thread  must  be  centred  again  whenever  the  degree  of  tautness  is  changed. 
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Edelmann  has  also  conslrucled  a  much  smaller  thread  galvanomoler,  which  muy  be 
iiaed  witli  either  a  permanent  magnet  or  an  elect  romagnrt. 

The  former  waa  given  an  extended  trial  by  the  writer  in  roUaboration  with  Prof. 
Barker  and  Dr.  Bond,  but,  though  it  can  be  made  to  show  all  the  waves  of  the  normal 
electrocardiogram,  the  excursions  are  quite  small,  and  even  then  the  fiUiment  must  be 
loosened  to  such  a  degree  tliat  it  fails  to  record  the  fine  wavelets  of  auricular  fibrillation; 
and  it  cannot  be  rccoiumendcd  for  clinical  work.  Wilh  the  elwtroniHgnet,  however,  a 
field  of  10,000  C.  G.  S.  (of  half  the  elrength  of  that  in  the  large  galvanometer)  may  Ih> 
obtained,  and  thia  is  sufficieiTit  for  most  cliuicd  purposes.  The  small  galvanometer  with 
electromagnet  may  still  be  used  for  ctLniral  purposes  in  case  expense  preelmlcs  the  pur- 
chase of  the  larger  form;  but  l)ie  loss  in  deliciicy  must  always  be  borne  in  mind. 

Electrical  Connections  in  the  Qahanometer  Circuit. — The  essM/ntial  jxjrtiunji  of  the  con- 
nections with  the  galvanometer  are  made  up  of  three  distinct  circuit.n, — 

1.  The  circuit  from  the  electrodes  on  the  patient  through  the  galvanometer. 

2.  The  compensating  current  through  a  cell  and  the  galvanometer  in  tiie  reverse 
direction. 

3.  The  standardizing  circuit  to  determine  the  excursion  of  the  galvanometer. 
Electrodes. — Einllioven  originally  immersed  the  hands  or  f<?ot  of  the  patient  in  liirgc 

jars  of  physiological  sodium  chloride  solution  in  Nvhirh  electrodes  of  zinc  were  place<l,  and 
these  in  turn  connccte<l  wth  t!ie  galvanometer  circuit. 

Later  investigators,  howmer,  have  found  it  more  convenient  to  use  large  plates  of 
German  silver,  about  15  x  25  cm.,  applied  to  the  skin  by  tying  about  the  limb  over  flannel 
pads  soaked  in  0.9  per  cent,  sodium  chloride  solution. 

Standardizing  the  Thread.  —Vor  most  purposes  it  has  beeome  conventional  usage  to 
employ  strings  of  excursioiLs  stutuiardtzed  so  that  1  millivolt  gives  an  excursion  of  1 
centimetre.  This  adjustment  is  made  before  the  eleetroeardiograni  is  tuken,  by  throwing 
in  a  current  of  exactly  1  millivolt  from  the  standardizing  cirruit  and  then  adjiwting  the 
tightness  of  the  threa<l  until  eaeh  make  f»r  break  of  this  current  gives  an  excursion  of 
exactly  1  cm.  After  doing  so  the  thread  ujuhL  be  readjusted  to  the  exact  centre  of  the 
magnetic  field. 

Procedure  for  Taking  an  Electrocardiogram. — In  procee<ling  to  take  an  electrocardio- 
gram, the  operator  immerst's  the  patls  in  salt,  solution,  appHes  them  to  I  In*  right  and  left 
forearm  and  left  shin  of  the  patient,  and  then  connects  two  of  them  with  the  binding  posts 
of  the  galvanometer  circuit. 

The  electric  Ughts  are  turned  on  and  the  shadow  of  the  thread  focussed  u[>on  the 
rocortling  apparatus,  '^Tho  double  counet'tion  is  then  made,  which  first  throws  the  current 
inl-o  the  electromagnet,  and   an   instant 
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Fia.  A9. — DiBKram  flhowing  the  relation  between  the 
oomp«iuated  and  uncocapeoHted  curreota. 


later  throws  the  galvanometer  circuit,  in 
which  the  current  is  temporarily  prevented 
from  passing  through  the  thread  by  keep- 
ing the  short-circujiing  key  (0  resistance) 
in  the  rheostat.  Tliis  and  from  one  to  ten 
others  are  then  removed  in  order  to  see 
in  which  direction  the  body  current  (rest 
current,  zero  current,  NuiL^trom)  is  pass- 
ing; after  which  the  compensating  current 
ia  tlirown  in  and  by  means  of  the  com- 
mutator sent  in  the  opposite  direction. 
The  reai-stance  plugs  are  removed  grad- 
ually from  the  rheostat  in  the  couifjensatiag  circuit  until  the  shadow  of  the  thread  is 
brought  back  to  its  original  iMjsition,  after  which  more  and  more  of  the  body  current  is 
shunteii  in  by  removing  plugs  from  the  rheostat  on  the  main  circuit,  and  the  sliadow  of 
the  tlu-ead  brought  buck  to  centre  as  before.  These  oscillations  of  the  thread  now  corre- 
I  spond  to  each  heart -beat,  and  the  wavelets  P,  It  and  7'  can  usually  be  seen  phiinly.  The 
I  arc  light  ia  once  more  adjusted  carefully,  the  shadows  focused,  and  tlie  uioveiuent  of 
[  the  thread  photographed. 

Pholo  Registration. — The  oseillations  of  the  thread  are  recorde<l  in  the  utiual  way 
I  by  photographing  its  shtidow  uiK)n  a  moving  film  at  a  distance  of  1  -2  metres  from 
i  the  galvanometer;  but  the  great  magniiieatiou  of  this  shadow  and  the  shortness  of  the 
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expoeurc  (less  than  ^in  secund)  give  rise  lo  certain  technical  difFtculfiea.  In  the  Hrst  place, 
aa  has  been  elated  above,  it  ia  neeessary  to  have  an  arc  light  of  sufficient  power,  and 
small  lights,  such  aa  are  u»ed  for  photomicrography  or  dark-field  illumination,  are  inade- 
quate. An  arc  light  with  half  inch  or  ^  inch  carbons,  such  aa  is  used  for  magic  lanterns, 
represeiita  the  minimum  iUuminaiion. 

In  addition,  it  is  necessary  to  obtain  the  gharpeet  possible  shadow,  for  which  the  light 
must  be  focused  sharply  upon  the  thread  with  the  condensing  microscope  and  the  image 
of  the  thread  in  turn  focused  upon  the  screen.  Chromatic  aberration,  which,  owing  to 
long  distance  from  the  h  ns  to  e<Toon  is  considerablt^  may  be  greatly  reduced  by  using  the 
methylene-blue  color  screen  described  above,  which  allows  most  of  the  blue  and  ultra- 
violet rays  to  pa*!S  through,  and  this  gives  a  sharper  and  blacker  shadow  by  limiting  the 
refraction  to  the  waves  of  shorter  wave-length,  with  verj'  little  lo«s  in  photochemical  iwwer. 

The  essential  part  of  the  photographic  apparatus  itself  ia  a  light-fiuht  box  with  a 
alii,  past  which  a  film  or  strip  of  highly  sensitized  paper  is  rotated  by  means  of  a  horizon- 
tally moving  drum,  a  clock-work,  or  a  motor. 

In  the  very  elaborate  apparatus  which  usually  accompanies  the  electrocardiograph 
a  film  or  roll  of  highly  sensitized  paper  75  metres  long  is  held  in  a  light-tight  metal  box 
and  driven  at  any  desired  speed  by  an  electric  motor.  A  special  lever  is  arranged  so  that 
the  motor  may  attain  a  uniform  speed  before  starting  the  film,  and  this  in  turn  may  be 
started  before  the  exposure  ia  made.  The  latter  is  accomplished  by  raising  the  shutter 
which  covers  a  horiiontal  slit  in  the  box. 

In  order  to  concentrate  all  ^he  Ught  possible  upon  the  slit,  the  latter  ia  covered  with 
a  plano-convex  cylindrical  lens  whose  axis  ia  horizontal,  »o  that  all  the  poasible  illumina- 
tion is  obtained  but  the  eide-to-side  movement  is  not  alterwi. 

After  passing  the  slit  the  film  travels  through  a  slit  in  the  bottom  of  the  box,  to  curl 
up  in  a  second  hght-tight  box  below,  where  a  plane-like  blade  running  in  a  partition  be- 
tween the  two  boxes  cuta  off  the  exposed  from  the  unexposed  film.  Just  before  being 
moved,  each  film  may  be  numbered,  either  by  means  of  a  disk  perforated  with  holes  to 
show  the  numbers,  or  else  with  a  notched  line  made  by  signalling  upon  a  telegraph  key; 
these  may  be  indicated  by  the  number  of  movements  made  by  the  shadow  of  a  signal  mag- 
net, connected  with  a  telegraph  (make-and-break)  key. 

A  time-marking  lever  should  also  be  placed  in  front  of  the  slit.  The  time-marker 
may  be  an  ordinary  Jaquet.  chronograph  recording  fifths  of  a  second  or  a  sign;U  magnet 
connected  milh  an  el ectrioally-tl riven  spring  interrupter  recording  ^  or  ils  seconds.  For 
very  fast  speeds  a  convenient  time-marker  recording  yj^  secon<la  can  be  secured  by  simply 
attaching  a  signal  magnet  in  aeries  with  a  32-cand]e-power  electric-light  bulb  attached  to 
the  ordiniiry  alternating  (GO  cycle  i>er  second)  street  current. 

Carotid  and  Venous  Tracings. — It  is  also  important  to  obtain  some  other  curve  of 
the  cardiac  cycle  besides  the  electrocardiogram,  especially  the  venous  or  the  carotid  trac- 
ing. If  the  patient  is  brought  to  the  electrocar<liograph  laboratory,  this  may  be  done  in 
the  usual  manner,  allowdng  the  recording  lever  to  move  across  the  alit  instead  of  writing 
upon  a  smoked  surface. 

When  the  patient  is  at  a  dislance,  however,  thia  cannot  be  done  directly.  The  sim- 
plest method  then  consists  of  recording  merely  the  ujiatroke  of  the  carotid  wave  by  allow- 
ing the  tambour  to  make  and  break  an  electrical  circuit  as  the  lever  rises  and  falls,  and 
transferring  these  movements  to  a  signail  magnet  in  the  circuit  in  front  of  the  slit.  This 
suffices  for  many  pur[joses. 

Quit  e  perfect  curves  may  be  recorded,  however,  even  from  a  distance,  when  two  string 
gidvaiiometers  are  uactl,  for  in  this  case  a  variety  of  means  for  securing  tracings  may  be 
employed. 

1.  The  lever  of  the  receiving  tambour  may  be  allowed  to  move  over  a  surface  of  tin 
(tr  aluminum  foil,  the  lever  and  one  nuirgin  of  the  foil  being  connected  with  a  shunt  on 
the  second  galvanometer  circuit,  and  the  latter  activated  by  a  dry  cell.  The  movements 
of  the  lever  across  the  foil  euuse  varying  resistances  in  the  circuit  and  corresponding  fluctu- 
ations of  the  galvanonieter, 

2.  The  rubber  drum  of  the  tambour  may  be  provided  with  a  metal  armature  connected 
by  means  of  very  light  wire  in  the  primary  circuit  of  an  induction  coil.  The  niovementa 
to  and  fro  of  the  urnmture  cause  changes  in  the  secondary  current  of  the  induction  coil, 
and  these  variations  in  turn  can,  after  proper  shunting  down,  be  recorded  with  the  second 
galvanometer. 
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Developing  and  Prrntinjt  the  Films. — After  the  expoeurea  are  made,  the  receiving  boxes 
covered  and  taken  from  the  instrument,  the  films  should  be  cut  as  long  aa  possible  and  trans- 
ferred to  long  traya  or  else  passed  up  and  downn  tlirough  the  developer  by  holding  each 
end.  The  developer  should  have  a  composition  rulrulated  lo  give  the  greatest  possible  eon- 
Vrost,  and  for  this  purpose  the  following  formuJa  has  been  found  satisfactory  by  Dr.  Bond: 

Solution    I.  Grams.  Ouae«a. 

Sodium  sulphite  crystals 3     - .xii 

Hydrochinon i     ii 

Potassium  bromide |     i 

Water 25  C 

Solution   II. 

Pot  a&iium  carbonate  crystals 6 xxiv 

Water 25      c 

Use  equal  parts  of  I  and  II  for  developer. 

Leads  or  Derivations. — It  has  become  conventional  to  obtain  tracings  in  man  with  the 
trodes  in  three  sites: 


lead  or  deriv^ation  {D  1),  right  hand 

and  left  hand ; 
2d  lead  or  derivation  (D  2),  right   hand 

and  left  foot; 
3d  lead  or  derivation    (D  3),  left  hand 

and  left  foot; 
but  for  special  purpoacs  Kraus  and  Xicolal 
use  the  right  bond  to  right  foot,  left  hand 
to  right  foot,  right  foot  to  left  foot. 
Thomas  I^wis  has  found  that  he  could 
study  the  contractions  of  the  auricles  more 
closely  by  using  the  electrodea  over  the  pre- 
cordium  and  back. 


"^ 


Fia.  60.— Distributioa  of  the  electromotive  forca 
in  the  bwiy  in  tde  three  priacipa)  lenda  ur  deriva^ 
Uoaa  ID  I,  D  TI,  D  III)?  The  Ar«M  ahmdad  in 
bUi  k  are  op)>oait«  Id  dgu  lo  tboae  left  white. 


Form  of  the  Electrocardiogram. 

— A  curve  representing  the  electrical 

variations  due  to  the  heatt-beat  is 

known  as  an  electrocardiogram,  and  that  of  a  normal  heart-beat  is  shown  in 

Plato  IV. 

The  first  part  of  the  cuf^^e  is  represented  by  a  small  wave,  which  Eintho- 
ven  designates  by  P  (presystuiie  wave),'  equivalent  to  a  variation  of  .t)002  to 
.0004  volt,  coincident  with  the  onset  of  auricular  systole.  This  is  followed 
by  a  small  depression,  Q,  below  the  base-line  just  before  the  electrical  wave 
of  the  ventricle.  The  ventricular  wave  (/?}  is  the  largest  wave  of  the  curve 
and  represents  about  .0O3-.0O4  volt.  It  sets  in  aiul  sul)sides  within  .02  second, 
and  then  falls  i.K'low  the  base-line  to  form  a  di^prcssion,  S,  just  liefore  the 
mechanical  contraction  of  the  left  ventricle  sets  in.  This  is  followed  by  an 
instant  during  which  the  curve  remains  near  the  base-line,  and  then  gradually 
ascends  to  form  a  wave,  T,  lasting  about  .1  .second  in  midsy stole. 


'  Nicolai  deagnaies  the  auricular  P  wave  by  .4  (auricular  oscillation),  the  large  ven- 
tricular wave  R  by  /  (initial  oscillation),  the  T  wave  by/  (final  oscillation).  When  either 
of  these  waves  are  spht,  they  designate  the  wavelets  as  ^4',  w4',  /,  /',  etc.  They  also  desig- 
nate the  horizontal  stretches  by  the  letters  h,  I,  p,  respectively,  h  representing  the  period 
of  conduction  in  the  His  bundle. 
K  ^  A.  D.  Waller  (Jour.  Physiol.,  1913,  xlvi,  p.  Ux)  ^ves  a  method  for  detcnmoing  the 
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Eyster  has  recently  called  attention  to  the  signifirant  fac*^  that  when 
very  loose  strings  are  uspd  thpre  is  no  poriorl  of  zero  fK:»tentia],  but  tliat  the 
T  wave,  which  is  then  relatively  much  larger  than  in  tracings  taken  with  the 
string  of  ^stanrlard  tightness,  begins  immefliateiy  after  the  *S'  wave  aiul  con- 
tinues until  the  exact  end  of  ventrieular  systtile.  There  are  no  waves  at  the 
end  of  systole  or  in  the  diastolic  period  until  the  beginning  of  auricular  con-  i 
traction. 

In  the  perfectly  norma!  curve,  the  tracings  taken  with  the  different  | 
leads  are  quit<'  similar  (Plate  III),  except  that  the  R  wave  is  largest  in  the  , 
second  derivation  (D  2,  right  hand  to  left  foot). 

Although  the  forms  of  the  waves  of  the  electrocardiogram  are  very] 
definite,  there  is  little  that  is  certain  about  the  causation  of  tJie  individual 
waves. 

According  to  Kraua  and  Nicoiai,  the  cardiac  cycle  may  be  divided  into  the  following 
periods: 


AovP 

Auricular  activity. 

Presystole. 

Filling  of  ventricles. 

h  (P~<i  Interval)  ... 

Conduction  time  in 
llis  bundle. 

Activity  of  the  papil- 
lary muscles.            i 

Intersyatole 

Presphvgmic     f>erio< 

J  or  7?                 

(A  iispami  ungazeit) 

4 

Activity  of  tiie 
'•Treibwf-rk"  of 
ventricular  fibr<'8. 

Systole 

1 

Period  of  outflow. 

For  r 

ActivilT,'  of  the  conus 
artenoaus. 

*  •••  ; 

1 

■D 

Rest  of  the  entire 
heart. 

Diast-ole 

Filling  of  ventricle^ 

This  diviflion  of  the  cartllae  cycle  is  in  many  ways  an  arbitrary  one.  It  is  by  no  means 
certain  that  the  waves  (eHjieeiully  J  and  F)  c(>rre8|)Otid  to  the  events  assigned  to  them  by 
Nicoiai,  and  indeed  many  physiological  facts  jwint  to  the  contrary.  t)n  the  other  hand, 
it  fleetiis  probable  that  at  letust  the  ventricular  waves  are  t'oniposite  in  character. 

Cause  of  Waves  upon  the  Elect rocardiograra.  — Aa  Judin  and  Nicoiai  have  pointed  out, 
some  of  the  waves  present  certain  analogies  to  those  produced  in  skeletal  muscle  where  the 
elcclxodes  are  placed  near  the  two  ends  of  the  muacle.  In  this  case  there  occurs  a  diphasic 
variation,  a  large  wave  which  \fi  followed  by  a  jxriod  of  zero  potential,  and  this  in  turn  by 
a  similar  larpje  wave  opixjsife  in  m^n  (o  llie  first.  Such  a  diphasic  variation 
(Fig.  Ill)  is  shown  almost  exactly  by  the  auricular  iP)  wave  of  the 
electrocardiogram,  with  its  perifMl  of  ,-1i  potential  and  its  Bubsequent  {Q)  depres- 
sion, and  also  by  tlie  curves  itbtaini-d  with  extra  systoles. 

The  waves  (/?,  S^  T)  of  ventricular  systole  are,  on  the  other  hand,  more  difficult  to 
explain,  but  Judin  has  obtained  from  a  normal  skeletal  m  u  bc  I  e 
(frog's  gaBtrocnemius)  electrographic  tracings  showing 
waves  which  closely  resemble  the  R,  S,  and  T  waves  of  the 
V  n  t  r  i  c  u  I  a  r  impulse.  Somewhat  similar  curves  have  been  obtained  by  Nicoiai 
from  skcletid  muscle  systems  in  which  two  muscles  were  simultantH>us!y  conducting  im- 
pulses in  opposite  directions,  an<l  represent,  more  or  less»  the  algcbrain  pum  of  the  two 
impulses,  llie  ihmUo  spmA  of  v»nilricular  mn.<^cle  (see  p.  6  and  Fie;.  11)  represent  a 
somewhat  similar  double  system  of  contracting  muscle  fibres,  and  perhaps  on  this  account 
the  electrocardiogram  somewhat  resembles  the  wave  thus  elicited. 
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Fio.  61— Nuriiial  pIcctrtjfurdioKrjiii  ^ln.wtnit 
the  time  rrldtioas  to  the  venous  und  carotid  pulse- 
wave.     (After  Eint  ho  ven.) 


It  must  be  rememboreii,  as  Crotch  and  Florent-e  Buchaimn  have  poinlwi  out,  thfttjj 
these  wavea  represent  the  difference  of  potontitil  between  the  skin  under  the  two  electrodesj 
If  both  electrode,s  remain  entirely  free  from  charge,  the  curve  remains  at  the  btise-linei 
But  if  both  electrodes  receive  an  eieotrio  charge  of  the  same  intensity  («ay,  four  miili4 
voltiij,  the  difference  of  potential  between  them  remains  zero,  and  the  curve  remains  aM. 
the  base-line  (F'ig.  62).  It  is  &  matter  of  empirical  fact,  shown  by  Kraus  and  Nieolai,  tbati 
the  contraction  originating  at  the  base  of  the  right  ventricle  causes  a  wave  exactly  oppo4 
site  iti  sign  to  that  accompanying  a  contraction  originating  at  the  loft  apex,  and  it  has  beeii 
assumed  by  these  WTitere  that  the  ventricular  part  of  the  normal  elec^ 
irocardiogram  represents  the  algebraic  sum  of  two  euchj 
almost  equal  and  opposite  currents,  but  that  the  R  S  wave,  wliichi 
occiu^  before  the  onset  of  the  mechanical  contraction,  is  cau.ffHl  by  the  impulse  pa.s*«ing 

down  the  cells  of  the  atriovenlrieular  conduct 
tion  system.  In  conformity  with  thishypoth-J 
esis,  Xicolai  found  all  the  waves  inverted  in  S 
patient  with  dextro<;ardia  (see  page  550);  butj 
on  the  other  hand,  Got  oh,  Buelutnan,  Straub^ 
and  Sitmojloff  found  elect roeardiojirams  simi* 
lar  to  thoKe  of  mammals  in  frog.s,  snnkes.  and 
tortoi.se8,  in  spite  of  the  fart  that  the«c  anip 
mals  possess  but  one  ^'^•ntricle.  | 

Florence  Buchanan  suggests  that  it  maj 
not  be  the  separate  ventricles,  but  the  sepaw 
rate  layers  of  musrle-fibreH  which  arise  in  eacHJ 
pajjillary  nuiscle.  She  suggests,  moreoverJ 
that  the  R  wave  is  produce<i  by  a  slight  asyn^ 
chronism  between  the  two  ventricles,  so  thai 
one  ventricle  only  is  acting  during  the  instant  in  which  the  R  wave  occurs.  This  view  i^ 
aluinvl  by  Rothberger  and  Wiaterberia;.  Such  an  a^^ynchronism  has  indw<l  been  shown  bj] 
Knol!,  Fredericq,  Stassen,  Barker  antl  Hirschffddcr  during  vagus  stimulation,  and  it  U 
pijsijiible  that  even  under  normal  conditions  it  may  exist  for  a  period  long  enough  to  Ju 
give  rise  to  the  deflection  of  the  R  wave. 

As  a  matter  of  fact,  one  occasionally 
meets  with  definite  bifurcations  of  tlie  R  wave 
which  seem  to  furnish  support  to  this  theory, 
but  H.  B.  WilUams  {Am.  J.  Physiul.,  1914, 
XXXV,  292)  finds  on  iiimultaueous  tracings  from 
different  leads  that  homonymous  peaks  are 
not  always  in  the  same  phase.  And  still 
further  evidence  is  furnished  by  the  electro- 
cardiograms of  Eppinger  and  Rothberger  from 
dogs,  in  which  one  branch  of  the  His  bundle 
was  injured  in  which  usually  broad  R  waves 
were  reconJed.  On  the  other  hand,  the  R 
wave  is  not  broadene<l  b>'  stimulation  of  the 
vagi  nor  in  persf»ns  with  slow  hearts,  as  might 
be  expected  from  the  results  of  the  above- 
mentioned  observers. 

The  validity  of  these  hypotheses  is,  how- 
ever, rendered  questionable  by  the  fact  that 

Eyster  has  obtained  the  R  and  T  waves  in  typical  form  from" 
isolated  strips  of  terrapin's  ventricleaahas  also  W.  A.  Jolly  {J.  Physiol., 
1913-1914,  xhni,  p.  xxx).  The  latter  observer  found,  however,  that,  though  such  a  wave  wa^ 
obtamed  when  l>oth  electroiles  were  appUed  to  the  ends  of  the  strip,  a  plateau-hke  curv© 
was  obtained  when  only  one  electrode  was  applied  to  the  edge  of  the  strip.  He  conclude^ 
that  this  is  definite  evidence  in  favor  of  algebraic  summation. 

Exiracardiac  Vibrations  of  the  String.— Although  these  waves  and  othe 
waves  to  be  discussed  later  are  produced  by  the  electrical  variations  of  tl 


Fm.  (US- — Factor-,  ...v.-.v..;  .;.  the  normal 
electrocardiogram,  at'corcling  to  the  iheon««.  {/J 
Ordinary  dipha«ic  variation  iu  skoletal  muscH 
of  algctiraic  aucntnutiou.  The  white  and  bla«| 
nrvaa  (//  and  //iHndieate  electrical  rhangeaioi^ 
on  in  each  of  the  ventricl"'»  or  in  different  Uyeq 
of  ventriculor  muaolp.  The  sm»ll  diagram  (J)  «t 
the  loft  «how»  tb>  cotitiL'ctions  of  tb(^  clectrodal 
in  obtai&iDK  the  tracing  from  tikctelal  luuocte. 


J 


T>-pi.^.i 
wftvo.     B. 

the  f  wtkvi  ..«.  -K— 

It  wAvea  ausAt^t^  luuiucnt&ry 


rdiorrama.  (KtDdncsB  of  Dr.  R.  E.  Morris.)  A,  elcctrocftrdiogfiim.  ahowine  split  P 
I ogram,  DhcwiniK  split  R  wavo  and  inv^rt«•d  T  wave.  C,  clpcirf>caTdioKriit«.  Bhowirnt 
,ti  upon  th«  A  vrnvit  i  ntriuvcDtncuiar  rbyibm)^  Tb«  waveleta  b«twoca  the  laai  three 
cnt&ry  auricular  flutter. 
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heart,  irregular  and  rapid  vibrations  are  sometimes  encountered  wLicli  are 
suporfwjsiMl  upon  the  main  waves,  and  may  be  due  to  the  following  causes 
(JaiiH's  and  Williams) : 

L  Induction  from  outside  sources. 

L  Neighbfmng  strong  electrical  vibrations,  such  as  the  passage  of  elec- 
tric cars,  et<'. 

2.  Defective  insulation. 

3.  Induction  caused  by  hissing  of  the  arc  lamp. 

II.  Muscular  contractions. 

1.  Tenseness  of  the  patient's  muscles,  which  gives  rise  to  a  vibration  of 
the  string  (Einthoven)  at  a  rate  of  aljout  50  per  second  (Piper).  This  is 
especially  common  in  persons  who  work  with  their  hands  (Strubell). 

2.  Gross  muscular  movements,  such  as  c<jughing,  sneezing,  movements 
of  the  hand,  etc.,  whieh  cause  large  irregular  movpments  of  the  string,  which 
can  be  readily  distinguished  from  those  due  to  the  heart's  action. 

The  latter  are  easily  recognized,  but  the  finer  vibrations  might  sorae- 
timt«  be  confu.sed  with  those  due  to  fibrillation  of  the  auricles,  except  for  tlie 
fact  that  they  are  merely  superposed  upon  the  other  waves  of  the  electr«.>- 
cardiogram,  whereas  in  fibrillution  the  P  wave  disappears  entirely.  The 
nonmuscular  extraneous  vibrations  may,  moreover,  be  recognized  by  taking 
a  shftrt  control  without  connecting  tlie  galvanometer  with  the  patient. 

Exaggerated  P  Wave  in  Mitral  Stenosis. — Although  the  P  (ot  A)  wave 
may  diminish  or  disappear  under  the  inHuence  of  vagus  stinmlation  even 
when  the  auricles  are  still  contracting  actively,  under  other  circumstances 
it  may  be  markedly  increased  in  size  (Plates  XVI  and  XVIII).  This,  as 
SamujIofT  has  shown,  is  especially  the  case  in  compensated  mitral  stenosis, 
in  which,  accompanying  the  hypertrophy  and  increased  force  of  the  auricles, 
the  auricular  (P)  wave  may  become  definitely  in- 
creased in  height,  though  this  is  scarcely  characteristic  enough  to 
warrant  the  diagnosis  of  mitral  stenosis  from  the  form  of  the  electrocardio- 
gram alone. 

Change  in  Form  of  the  Electrocardiogram  Accompanying  Change  of 
Position  of  the  Body.— E  i  u  t  h  o  v  e  n  and  August  Hoffmann 
have  shown  that  alterations  in  the  position  of  the 
heart  within  the  body,  from  change  in  position  of 
the  biidy,  inflation  of  the  stomach,  displacement 
of  the  heart  from  pleural  effusion,  etc.,  cause 
changes  to  take  place  in  the  electrocardiogram, 
the  R  wave  to  become  smaller  and  the  S  larger;  and  Waller*  has  found 
great  effect  from  deep  inspiration. 

Also  somewhat  arbitrary  is  the  claim  of  Kraus  and  Nicolai  that  the 
aiae  of  the  T  wave  is  in  some  way  an  index  of  the  vigor  of  the  contraction. 

'  Waller,  A.  D.  :  Effect  of  Respiration  un  the  Electrocardiogram  and  upon  the  Elec- 
trical AxiHof  the  Heart,  J.  Physiol.,  11)13,  xlvi,  p,  Ixu. 
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True,  they  found  tliat  in  many,  though  l>v  no  means  all,  cases  of  feeble 
heart  action,  this  wav'e  is  8rnall,  absent,  (ir  inverted,  and,  on  the  other 
hand,  tliat  it  may  be  large  in  hypertrophic  hearts  and  in  overacting  hearts, 
in  Basedow's  disease,  after  exercise,  etc.,  but  many  faihng  hearts  retain  a 
high  T  wave  to  the  enri,  and  in  many  otherwise  vigorous  persons  the  T  wave 
may  be  small  or  even  inverted. 

In  hypertrophy  of  the  right  ventricle  ainl  also  after  stimulation  of  the 
vagus,  the  U  wa.ve  becomes  higher;  in  hypertrophy  of  the  left  ventricle  it 
becomes  inverted. 

Kraus  and  Nicolai  have  called  attention  to  the  fact  that  in  nervous 
people,  as  well  as  in  patients  with  mitral  inKufficienry,  the  S  depression  is 
very  deep,  so  that  they  have  termed  it  the  Neurasthenikerzacke  (neurasthenic 
notch);  but  Strubell  has  encountered  this  form  in  so  many  vigorous,  athletic 
persons  that  this  designation  seems  entirely  too  arbitrary.  A  very  marked 
S  depression  has  been  obtainetl  by  Rothberger  and  Winterberg  from  stimu- 
lation of  the  right  aceel»^ratory  nerve.  And  it  is,  of  course,  possible  that  in  all 
these  persons,  whether  fnun  nervous  excitement  or  exercise,  the  right  accelera- 
tor may  be  stimulated,  though  by  no  means  all  have  rapid  pulse-rates. 

An  exceptionally  high  T  wave  may  also  be  obtained  when  the  galvanom- 
eter thread  is  loose. 

Rothberger  and  Winterberg  have  also  obtained  peculiar  deformations 
of  the  electrocardiogram  by  stimulating  the  various  branches  of  the  cervical 
sympathelic  (accelerator)  nerves,  and  have  found  a  dififerent  form  of  electro- 
cardiogram for  each  branch  of  the  ganglia  stimulated,  corresptvnding  probably 
to  an  exaggerated  effect  localized  in  each  case  to  a  certain  region  of  the  heart 
wall. 

In  general,  stininlation  of  the  right  accelerator  branches  produced  effects 
somewhat  resembling  those  of  the  right  ventricular  hypertrophy,  and  those 
of  the  left  suggested  more  or  less  hypertrophy  of  the  left  ventricle.    (Fig.  78.) 

Stimulation  of  the  vagi,  on  the  other  hand,  as  has  been  stated,  usually 
causes  a  large  R  wave  with  diminution  or  disappearance  of  P  and  T. 

The  inversions  and  changes  in  form  due  to  hypertrophy  of  the  two 
ventricles  and  to  situs  inversus  will  be  discussed  under  these  heatls  Qiages 
297  and  560). 
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V. 

ALTERATIONS  IN  CARDIAC  RHYTHM. 

The  irregularities  in  rhsrthm  of  the  heart  may  be  divided  first  into 
three  classes:  (1)  arrhythmias,  in  which  there  is  no  discernible  order 
in  the  occurrence  of  beats;  (2)  allorrhythmias  (altered  rhythms),  in 
which,  though  the  rhythm  is  not  regular,  yet  the  irregular  beats  occur 
according  to  a  certain  regular  S3rstem,  so  that  the  arrangement  of  these 
beats  in  one  section  of  the  tracing  can  be  prophesied  from  a  knowledge  of 
another;  and  (3)pararrhythmias  (Wenckebach),  in  which  two  separate 
rhythms  are  going  on  in  either  the  same  chamber  or  in  different  chambers 
at  the  same  time. 

ALLORRHYTHMIAS. 

A.  Of  extracardiac  origin. 

I.  Neurogenic  (sinus  arrhythmias),  due  to  more 
or  less  rhythmic  reflex  stimuli  passing  through  the  vagi  and  ac- 
celerators (toxic,  reflex  from  various  organs,  respiratory  reflexes 
from  lungs). 

a.  Associated  with  the  phases  of  respiration. 

6.  Not  associated  with  respiration — Mackenzie's  youthful  type. 
II.  Due  to  disturbances  in  the  filling  and  empty- 
ing    of     the     heart     from     traction     upon     the 
heart    and    great    vessel  s — dropping    of    beats    without 
heart-block,  pulsus  paradoxus  and  Riegel's  pulse. 

B.  Of  intracardiac  origin. 

I.  Due  to  disturbance  in  the  conduction  of  normal 
impulse  s — dropping  of  beats. 

1.  Auriculo-  (atrio-)  ventricular  block. 

2.  Sino-auricular  block. 

3.  Interventricular  (?)  block  (hemisystole). 

II.  Disturbance    of    contractilit y — pulsus  altemans,  and 

failure  to  open  the  aortic  valves. 
III.  Occurrence   of  beats   in   response   to   abnormal 
stimuli  or  increased  irritability. 

1.  Extrasystoles,  in  which  irregular  beat  is  brought  on  by  a  single  ab- 

normal stimulus. 
,,     .  .     ,      /  Right  ventricular. 
"•V*"'"""'"!  Left  ventricular. 

!  Right  auricular  arising  near  the  superior  vena  cava 
(normal  site), 
arising  elsewhere  in  the  right  auricle. 
Left  auricular. 
c   Auriculoventricular,  arising  in  the  cells  of  the  conduction  system. 

2.  Paroxysmal  tachycardia. 

3.  Absolutely  irregular  pulse  (auricular  fibrillation). 
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I.    SINUS  ARRHYTHMIAS*    (OB    REFLEX   ARRHTTHMlAa). 

Alteration  in.  cardiac  rhythm  resulting  from  intermittent  stimuli  pass- 
ing down  the  cardiac  nerves  constitutes  one  of  the  most  common  forms  of 
cardiac  iUIorrh3rthmias.  As  has  been  seen  (Chapter  III),  alterations 
of  the  pulse-rate  may  result  from  any  stimulation 
of  any  afferent  nerve,  from  skin,  muscles,  mucoua  membrane, 
and  viscera,  or  from  stimuli  arising  in  the  vagal  or  accelerator  centres  in  the 
medulla. 

As  Reid  Hunt  and  Hooker  h.ive  shown,  tho  reflex  stimulation  may  cause  asloTJving  of 
the  pulse-rate  thmugh  stimulation  of  the  vagus  centre,  or,  under  other  circuuistanoes 
and  especially  when  of  a  different  intensity,  it  may  cause  an  acceleration  of  the  pulse- 
rate,  liunt  has  shown  that  this  acceleration  is  due  chiefly  to  momentary  cessaLitm  of  the 
tonic  stimuli  in  the  vagus;  but  Hooker  proves  that  there  is  also  a  stinmhition  of  the  nccel- 
erators.  Such  iilTercnt  or  sensor}'  stimuli  may  arise  in  the  akin  and  nuuscles,  but  especially 
in  the  \Tscera  and  the  serous  and  mucous  membranes. 

Reflex  stimulation  of  this  sort  may  reach  the  medulla: 

1.  From  cortical  excitement  (emotion  or  neurasthenia). 

2.  FYom  intracranial  pressure  (meningitis,  brain  tumor,  etc.). 

3.  Reflexes  from  nasal  septum. 

4.  Reflexes  from  abdominal  organs  (uterus,  stomach,  intcstinea,  prostate,  enteroptosis). 
6.  Increased  irritability  from  toxic  agents  (tobacco,  tea,  coffee). 

6.  Adhesions  or  tumors  along  the  course  of  the  vagus. 

Mtxle  of  Production.— Fran^is-Frnnck  and  Koblanck  and  Roeder  have 
been  able  to  produce  such  an  arrhjrthmia  by  stimulating  the  mucous  mem- 
brane of  the  nasal  septum  at  a  point  just  opp<xsite  the  middle  turbinate  bone, 
and  Stadler  and  Hirsch  have  done  so  by  stimulating  the  walls  of  the  stomach 
and  intestines.  There  is  normally  a  reflex  slowing  of  the  heart  during  swal- 
lowing, and  similar  periodic  slowing  of  the  rate  from  stimulations  of  the 
vagus  may  account  for  many  of  the  disturbances  of  rhythm  in  air-swallowera. 
Moreover,  Einthoven  has  shown,  by  recording  the  electrical  variations  in 
the  peripheral  stump  of  the  di\ided  vagus,  that,  with  each  inspiration,  afferent 
stimuli  are  passing  up  the  vagus,  and  these  may  evoke  reflex  responses  when 
the  entire  nervous  system  is  abnormally  sensitive. 

Occurrence. — Neurogenic  arrhythmias  are  pp.rticularly  common  in  chil- 
dren and  in  young  persons,  anrl  hence  are  designated  by  Mackenzie  as  the 
''youthful  type,''  but  this  is  only  because  the  cardiac,  vasomotor, 
and  respiratory  centres  are  in  more  labile  equilibrium  in  them  than  in  normal 
adults.  However,  whenever  the  ner\'ous  system  becomes  more  irritable — 
from  the  occurrence  of  visceral  reflexes,  emotions,  or  toxic  influences  (bacterial 
toxins,  alcohol,  tobacco,  cofi"ee,  etc.) — stimuli  (like  those  patvsiog  up  the 
vagus)  which  are  normally  subminimal  become  effective.  Hence  allorrhyth- 
mias  of  this  type  arise  in  nervous  individuals  and  in  the  so-called  functional 
cardiac  diseases  or  cardiac  neuroses  (Part  IV,  Chapter  II).  Einthoven, 
Flohil,  and  Battaerd  have  shown  that  stimuli  pass  up  the  vagi  at  each  respira- 
tory movement.  These  stimuli  are  normally  too  feeble  to  bring  about 
reflexes,  but  when  the  irritability  of  the  ner\'oua  system  is  incresised  stimuli 
which  are  ordinarily  subminimid  rise  above  the  threshold  and  give  rise  to 

'Tlie  term  sinus  arrhythmia  has  been  applied  to  thef*e  forms  by  Mackenzie  l^ecAuae 
the  impulse  for  each  Ix^at  arisi!.s  in  the  sinus  region  of  the  heart.  Some  extrasystoles  and 
some  cases  of  heart -block  are  also  neurogenic. 
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reflex  inhibitions  and  accelerations,  so  that  in  some  cases  there  is  a  series  of 
slow  beats  associated  mth  inspiration  and  a  series  of  rapid  beats  in  expiration 
(Fig.  64),  while  in  others  the  slowing  occurs  during  expiration  and  the  rapid 
beats  are  during  inspiration.  This  latter  type  is  often  spoken  of  as  normal, 
but  in  perfectly  normal  individuals  the  rate  may  be  absolutely  regular. 

Reissner  has  shown  that  the  irregularity  is  sometimes  of  psychic  origin; 
or,  on  other  words,  that  the  stimulus  exciting  the  cardiac  nerves  may  descend 
from  the  cerebral  cortex  instead  of  ascending  l)y  the  usual  paths  of  afferent 
stimuli.  This  psychogenic  arrhjihmia  is  not  extremely  unconMnon.  Indeed, 
the  writer,  whose  pulse  has  been  regular  at  all  other  times,  experienced  such 
an  irregularity  upon  one  occasion  of  intense  anxiety  lasting  for  several  minutes. 
The  pulse  became  regular  as  soon  as  the  anxiety  passed  oif ;  and  has  remained 
80  for  five  years,  in  spite  of  a  severe  tonsillitis  and  tonsillectomy. 
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As  Reyfisch  has  shown,  similar  neurogenic  allorrhythmias  occur  in 
meningitis  and  in  conditions  with  increased  intracranial 
tension  and,  as  Eyster  has  shown,  in  association  with  ChejTie-Stokea 
breathing.  Mackenzie  hjis  also  shown  that  there  are  many  other  eases  in 
which  neurogenic  irregularity  is  not  associated  with  the  phases  of  respiration. 
In  these  it  may  be  either  periodic  or  entirely  intermittent.  It  is  most  im- 
portant that  the  exact  mode  of  origin  of  such  stimuli  and  its  characteristics 
should  be  carefully  studied,  since  this  arrhythmia  must  be  dif- 
ferentiated from  those  of  myocardial  origin. 

Sinus  arrhythmiiis  also  arise  frequently  tluring  the  course  of  organic  or 
functional  cardiac  weakness,  and  often  result  from  administration  of  digitalis 
(Robinson  and  Draper,  Heart,  1912-1913,  iv,  97).  It  is  only  in  rare  cases 
in  which  they  may  impair  tlie  nutrition  of  the  heart  by  interfering  with  the 
rapidity  of  blood  How  through  the  coronary  arteries  that  their  presence  can 
be  regarded  as  of  practical  importance. 
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Laalett,  however,  has  reported  a  case  of  a  woman  aged  forty  in  whom  a 
sinus  arrhythmia  gave  rise  to  graver  symptoms.  The  periods  of  vagu>?  inhi- 
bition were  accompanied  by  prolonged  pauses  lasting  several  seconds  and 
giving  rise  to  syncope  and  a  typical  Adams-8t<>kos  syndrome,  although  no 
waves  suggesting  auricular  cuntracrtions  could  be  made  out  on  the  venous 
pulse.  After  atropine  the  pulse-rate  rose  to  100  and  remained  regular  for 
24  hours.  The  patient  was  also  sul>ject  to  short  periods  of  inhibition,  during 
which  syncope  did  not  occur,  but  in  which  she  experienced  a  sensation  of 
precordial  pain  and  constriction  exactly  like  that  which  is  so  commonly  felt 
by  patients  with  the  milder  forms  of  sinus  arrhythmia  accompaining  the 
so-called  cardiac  neuroses  (as  in  the  case  of  A.  S.  quoted  on  page  698). 

In  these  cases,  though  the  relation  of  the  allorrhythmia  to  respiration 
may  be  timed  by  palpation  and  inspection,  a  careful  venous  tracing  .should 
be  made  lest  an  extrasystolic  irregularity  be  diagnosed  when  it  does  not 
actually  exist. 

Characteristics  of  Sinus  Allorrhythmias. — The  striking  feature  of  these 
neurogenic  disturbances  of  rhythm  is  that  they  are  often  characterized  by 
instability  of  rhythm,  by  the  occurrence  of  rh>^,hmic  changes 
in  rate  rather  than  by  the  interpolation  of  beats  which  differ  from  the  others 
in  character.  The  beats  usually  occur  in  short  groups,  a  few  slow  beats 
corresponding  to  a  rate  of  perhaps  50  per  minute,  alternating  with  series 
corresponding  to  a  rate  of  100  (Waller,  J.  Physiol.,  1913,  xl\%  p.  Iv).  The 
last  beat  of  the  rapid  series,  with  the  vagal  pause  following  it,  may  be 
taken  for  an  extrasystole;  but,  on  examining  the  few  beats  preceding,  it 
will  be  seen  that  this  beat  was  not  premature  and  not  due  to  an  abnormal 
stimulus.  This  is  further  demonstrated  by  the  electrocardiogram,  which 
is  in  every  respect  normal,  the  only  variations  in  form  being  shown  by  slight 
variations  in  the  height  of  the  P,  R,  and  T  waves.  Moreover,  the  beats  are 
usually  of  full  and  almost  equal  strength,  thereby  differing  from  the  feeble 
beats  of  extrasystoles.  It  is  an  irregularity  in  rhythm  rather  than  in  force, 
though  a  certain  degree  of  the  latter  may  be  present  through  the  action  of 
the  vagus  on  the  heart. 

The  rh>^hm  usually  becomes  regular  within  half  an  hour  after  the  hypo- 
dermic administration  of  atropine,  .0005  to  .001  Gm.  (jhs  to  ^  gr.).  This 
rule  is  not  invariable. 

When  long  pauses  alternate  with  short  series  of  rapid  beats,  the  force 
of  the  first  large  beat  may  be  i^lightly  Ijelow  that  of  the  smaller  beats,  as 
shown  by  tracings  with  the  Erlanger  apparatus  at  or  near  the  maximal  pres- 
sure. With  extrasystoles  the  systolic  pressure  of  the  smaller  beats  is  usually 
less  than  that  of  the  regular  (large)  beat.  In  both  cases,  however,  this  de- 
pends upon  too  many  factors  (time  at  which  the  extrasystole  occurs,  amount 
of  systolic  output,  amount  of  peripheral  resistance,  factors  causing  the  extra- 
systole, etc.)  to  f)e  regarded  as  aljsolut^'  criterion  for  diagnosis. 

11.  Respirator>'  (Pulsus  paradoxus  and  Riegel's  Pulse). — As  wiU  be  seen 
in  the  chapters  on  adherent  pericardium  (page  lilO)  and  enteroptosis,  traction 
upon  the  aorta  during  resj>i ration  may  prevent  the  heart  from  emptying  itself 
and  thus  cause  the  dropping  of  a  beat  in  the  arteries.  Or,  on  the  other  hand, 
traction  upon  the  great  veins  may  produce  the  same  effect  by  preventing  the 
heart  from  filling.     When  there  are  adhesions  in  the  posterior  mediastinum 
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or  when  the  diaphragm  is  low,  this  dropping  occurs  during  inspiration  (pulsusj 
paradoxus,  Kussmaul),  whereas  when  there  are  adhesions  between  the  heartj 
And  the  anterior  chest  wail  it  may  occur  in  expiration  (Riegel). 

ALLORRHYTHMIAS   HAVING   THEIH    ORIGIN    WITHIN   THE   HiLVRT. 

HE  Aliorrhythmias  due  to  Failure  to  Conduct  Impulses  Qeneratedl 
Normally— Heart-hlock.'— Of  t  his  there  are  several  typ^^^.  ( 1 )  A  u  r  i  <•  u  I  o  -^ 
Ventricular   Heart-block. — The  more  usual,  or  at  least  better  known, 


FiQ.  65. — Whjus  ir  iLiLgsin  herirt-blork.     Piirliiil  heart-block    3;1  rhythm)  during  protjur«  oil  Ibe  rB^ua 

ib  a  ra90  of  Adam»-^tokca  dise&w. 


type  of  blocking  the  impulses  is  at  the  auriculoventricular  junction.  In 
In  this  type  no  change  occurs  in  the  origination  of  the  cardiac  impulse  or  in 
the  contraction  of  the  auricles  (atria),  but  the  conductivity  of  the  impulse 
to  the  ventricle  by  the  bundle  of  His  is  impaired.    Such  impairment  may 


.1 


1l;)^%P^u^^^^M^^h^J^J 


tnouM  tracLoj^  in  heart-block.     CoapJiite  heart-blork  in 


'  Ad«iiM-Siokps  di*fase. 


(a)  functional,  from  overstimulation  of  the  vagus,  of  which  frecpient 
examples  are  seen  in  every  laboratory  exfieriment.  Clinically  tliis  may  he 
seen  also  in  the  cases  of  digitalis  poisoning  and  p>ostfebrile  bradycardia^ 
especially  after  pneumonia  and  influenza,  occusionally  also  in  easels  in  which 
there  is  a  tumor  pressing  upon  the  vagus,  {b)  Organic,  from  interrup- 
tion of  the  bundle  of  His.    In  this  case  the  block  may  be  increased  by  giving 


>  A  full  discusaion  may  be  found  in  Part  UI,  Chapter  XI. 
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atropine  or  anything  else  that  quickens  the  heart,  or  it  may  not  be  affected, 
(c)  There  may  be  a  combination  of  the  two  effects  (v. 
Tabora,  Gibson,  Thayer),  tlie  coiuhictivity  of  the  injured  Purkinjo  fibres  of 
the  bundle  being  still  further  dimini.sheii  by  the  action  of  the  vagus  upon  them, 
and  this  effect  outweighing  the  favorable  action  in  slowing  the  auricular 
rhythm. 

The  bkjck  may  be  partial  or  complete,  depending  upon 
whether  the  ventricles  still  follow  the  lead  of  the  auricles  or  initiate  their  ovm 
rhythm.  Thus,  in  the  partial  block  the  ventricles  may  respond  to  onl}^  every 
second,  third,  or  fourth,  or  even  only  every  sixteenth  contraction,  or  may 
sometimes  respond  to  every  second,  sometimes  to  every  fourth  beat,  etc. 
On  the  other  hand,  they  may  fail  to  contract  at  all  over  a  considerable  period 
(stoppage),  during  which  syncope  (Adams-iStokee  syndrome),  epileptiform 
seizures,  or  death  may  set  in  (Erlanger),  or,  after  a  stoppage  of  greater  or 
less  duration,  they  may  begin  to  beat  at  a  rhj-thin  of  their  own,  bearing  no 
relation  at  all  to  the  rhythm  of  the  auricles  (complete  block).  This  consti- 
tutes the  permanent  bradycardia  of  Adams-Stokes  disease. 

(2)  Sino-auricular  Block. — Sino-auricular  block  may  also  occur,  the 
cardiac  impulse  being  generated  as  usual  at  the  mouths  of  the  great  veins 
and  coronary  sinus  in  the  region  homologous  with  the  sinus  venosus  of  the 
frog,  but  may  fail  to  be  commiuiieated  to  the  auricles. 

Keith  and  Schonberg  have  shown  that-  this  could  scarcely  be  the  result  of  a  localized 
lesion,  and  would  therefore  depend  upon  the  difference  in  the  properties  and  irritability 
of  auricular  and  venous  musculature  rather  than  organic  block.    The  presence  of  such 


Fia.  67. — Oeeuioiud  kbacn««  of  ^pcx  impulso  dudne  iaspirsHoa  umulatinK  intcrveDtricijIar  hcont-block 


block  ia  assumed  by  August  HofTmann  in  paroxysmal  tachycardia,  in  which  there  is  a 
sudden  doubting  or  even  quadrupling  of  the  pulse-rnte  during  the  attacks,  and  by  Hewlett 
in  digitalis  poisoning.  Ex]>eriinentally  they  have  been  produced  by  Erlanger  and  Black- 
man  on  the  excised  mammalian  heart,  but  both  Hirschfelder  and  Eyster  and  the  former 
observers  failed  to  do  iso  in  the  heart  in  situ.  Cohn  and  Kessel  (Heart,  1912,  iii)  have 
recently  prodiice<i  such  a  block  by  excising  the  8ino-auricular  node  in  the  perfused  dog's 
heart;  and  Eyster  and  Meek  (Heart,  1912-1913,  iv,  59)  have  produced  in  itmorphine  poison- 
ing. Gibson  Bssnmea  tlie  existence  of  a  Fimilar  block  in  a  case  of  Adums-8tokes  disease, 
which  he  cites,  along  with  the  block  at  the  auriculove utricular  junction. 

(3)  Interventricular  Block  (Hemisystole). — V.  I^yden  in  1868  reported 
a  case  of  bigemin:d  pulse  in  which  he  assumed  that  one  ventricle  was  con- 
tracting without  the  other. 

This  case  and  other  cases  reported  by  the  older  writers,  and  the  cases  reporte<l  more 
recently  by  Kraus  and  Nicolai,  Hewlett  and  SchmoU,  probably  also  admit  of  a  different 
explanation.  True  hemisystole,  the  contractiou  of  one  ventricle  without  the  other,  haa 
never  been  produced  extierimentally,  even  by  Biggs,  Barker  and  Hirschfelder,  Trendelen* 
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burg  and  Cohn,  Eppinger  and  Itothberger,  who  have  cut  the  individual  brandies  of  thd 
His  bundle.  In  Bome  of  these  tnHtanccs,  jiist  as  Knoll,  Fredericq,  Fuuconnier,  and  Slagsen 
hod  found  for  the  intact  heart  under  vagus  stimuhition,  there  wus  a  very  slight  asynchro«i 
nism  (Yhs  ^  t^u  sec.)  Ixjtween  the  contraction  of  the  two  ventricles.  Eppinger  and  RotM 
berger  have  found,  however,  that  when  one  branch  of  the  His  hun<lle  is  cut,  a  cliaracteffi 
istic  change  occurs  in  the  form  of  the  electrocardiogram,  the  ventricular  part  of  whldj 
then  resembles  the  fonn  due  to  an  extrasj'stoie  arising  in  the  ventricle  whose  branch  il 
intact.  The  R  wave  is  sometimes  broader  than  is  found  with  ordinary  cxtrasy stoles,  audi 
the  P  wave  is  of  course  present  in  the  usual  place.  Eppmger  and  Stoerck  have  demoili 
strated  the  value  of  this  finding  for  clinical  nietlicine  by  establishing  the  diagnoBia  of  I 
ptitch  of  myocarditis  adccting  one  branch  of  the  buncOe  but  not  the  other  in  two  cases  il 
which  their  c^jrrectness  was  proved  by  autojisy.  Since  their  studiea  similar  caaea  hav^ 
been  encountered  and  correctly  diagnosed  during  life.  x\n  example  of  thijj  is  shown  ill 
Plate  XI  from  a  case  under  the  care  of  Drs.  S.  Marx  White  and  R.  E.  Morris  in  the  Uni- 
versity Hospital,  Minneapoha.  Such  tracings  must,  however,  be  carefully  differentia  tea 
from  simple  ventricular  hypertrophy.  It  mxost  Iw  admitted,  however,  that  the  elcctroS 
cardiogram  in  these  casea  doea  not  differ  very  much  from  that  founil  in  simple  h\i)ertrophyj 
and  confusion  with  the  latter  is  possible.  The  numlier  of  canes  repi>rtcd  thus  far  is  to<j 
limited  to  judge  of  the  ultimate  estimate  of  this  criterion  for  diagnosis.  ] 

IV.  Diminution  in  Contractile  Power— Pulsus  alternans.^ — When  ihi 
contractile  power  of  the  heart  diminishes,  or,  more  frequently,  when  th^ 
rate  is  increased  to  tho  point  that  the  heart  has  some  difficulty  in  carrying 
out  effectual  contractions,  it  is  found  that  the  alternate  contractions  are  o| 
different  size,  some  larger,  some  smaller,  giving  rise  to  the  condition  knowd 


Fto.  68.— Alleroalmg  pulae  in  a  case  of  paroxysoial  tachycardia,  ' 

as  pulsus  altemans  or  altematiTit:  pulse.'  Pulsus  altemans  can  be  diagnoff 
ticated  clinically  by  feeling  or  listening  over  the  artery  below  a  spbyg^ 
momanometer  cuff.  If  the  rate  is  regular  and  the  number  of  pulse  beati 
passing  below  the  cuff  falls  to  half  when  the  pressure  is  raised  to  a  poini 
less  than  the  systolic,  a  pulsus  altemans  's  present.  •  j 

Experimentally  this  can  be  readily  shown  by  throwing  induction  shocks  into  ih( 
heart  at  a  rate  which  it  can  barely  follow.  A  pulsus  alternans  invariably  results  (Hirscb 
felder,  Hering).  After  a  few  seconds  or  minates  the  heart  has  gfuned  it.«i  full  contracUUt^l 
and  the  altcrnathig  character  ilisuppearf.  only  to  reappear  wlien  it  bepns  to  weakenj 
The  same  phenotiieiion  is  ulso  seen  in  altiicks  of  paroxysmal  tachycardia  (Fir.  US).  Puli 
BUS  altemans  is  also  present  in  some  cases  of  angina  pocttjris  (Mackenjuc)  It  then  indicatei 
that  the  heart  is  in  a  weakened  condition. 

V.  Dropping  of  Beat  Owing  to  Too  Low  Contractility. — If  the  auricle 

stimulated  directly  at  a  rate  still  more  rapid,  it  can  no  lunger  follow  ever 
single  stimulus,  l>ut,  occasionally  one  beat  is  dropped  out,  just  as  is  the  caa 
in  a  partial  heart-block,  although  the  stimulu-s  is  being  applied  directly  t<| 
the  auricle,  which  intermits  a  little  more  rafiddly,  and  it  follows  only  alteW 
nate  stimuli.  If  the  irritability  of  the  auricle  he  now  suddenly  increasedj 
as  by  pouring  warm  salt  solution  over  it,  it  will  suddenly  respond  with  a 
contraction  to  each  instead  of  to  alternate  stimuli,  or  it  may  respond  occa<l 

'  Ejctrasj'stoles.  giving  t>'pical  electrocardiograma,  may  occur  midway  between 
tar  beats  and  give  rise  to  an  alternating  pulae. 
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sionally  to  all  and  occasionally  to  only  alternate  stimuli,  giving  an  allorrhyth- 
mia  1  : 1  -h  2  : 1.  Thus  we  may  have  allorrhythmuts  simulating  partial  hcart- 
blockrt  on  the  one  hand,  and  extrasj'stolos  on  the  other,  due  merely  to  general 
decrease  in  the  irritability  of  the  entire  musculature  without  any  special 
disturbance  in  conductivity;  and  just  such  inotrophic  and  bathniotrvphic 
variations  may  be  resimnsible  for  many  of  the  so-called  veno-auricular 
heart-blocks,  such  as  have  been  described  by  Hewlett  and  Wenckebach. 

IRREGULARITIES  DUE  TO  TIIE  GENESIS  OF  ABNORMAL  IMPULSES. 

EXTRA SYSTOLES. 

In  the  majority  of  all  cases  uf  eardiar  arrhythmia  and  almt>st  all  of  those 
associated  with  severe  functional  or  organic  heart  disease,  the  disturbance  of 
rhythm  is  due  to  the  presence  of  l>eat8  which  arise  at  an  abnormal  site  within 
the  heart. 

The  simplest  form  of  abnormal  impulse  is  seen  in  the  single  abnormal 
beat  (extr&systoles,  Engelmann;  premature  systole,  Marey,  Mackenzie) 
which,  as  Marey  has  shown,  sets  in 
almost  immediately  when  a  single  elce- 
tricAl  or  mechanical  stimulus  is  applied 
to  the  heart  at  any  inst^int  of  diastole. 
During  the  period  of  systole  and  dur- 
ing the  instant  before  it,  an  external 
stimulus  does  not  alter  the  cardiac 
rhjihm,  and  the  heart  is  said  to  be  in 
it*s  refractory  periotl. 

Extrasystoles  may  arise  in  any 
part,  of  the  heart  either  as  the  result  of 
definite  external  stimuli  or  as  the  result 
of  some  change,  organic  or  functional, 
in  the  part  of  the  heart  wall  where 
it  arises.  Such  a  condition  is  often 
brought  alMJUt  by  overstretching  of 
the  heart  wall  as  a  result  of  inability 
of  the  chamber  to  empty  itself,  a  con- 
dition which  is  reatlily  brought  about 
by  clamping  the  aorta  or  by  inmnising 
the  peripheral  resistance,  and  which  is 
very  commonly  met  with  in  the  ven- 
tricles when  the  heart  is  failing  or  the 
blood-pressure  too  high,  in  the  left  au- 
ricle in  the  severer  grades  of  mitral  stenosis  or  regurgitation  (milralized  pulse). 

Extrasystoles  may  also  arise  in  perfectly  strong  hearts  with  normal 
blood-pressure  when  the  irritalnlity  of  the  latter  is  increased  Ijy  some  toxic 
jtion,  such  as  nicotin,  digitalis,  or  the  more  or  less  ol>scure  nitrogenous  sub- 
^Staiices  which  are  absorbed  from  the  intestines  during  intestinal  putrefac- 
tion. It  is  possible  that  they  may  also  be  produced  reflexly  from  irritation 
of  thegastro-intestinal  tract;  but,  though  extrasystoles  are  relatively  connnon 
in  otherwise  healthy  persons  suffering  from  flatulence  and  tympanites,  no 


{  iQ.  Oil  —  R(--pi.n.''i'  'jf  frosS  vr-ntriclo  to 
abnurriiril  bIiiuuIi.  (AUtir  Marvy.)  Elt'clric 
abink  rbniwn  iutu  it  at  the  instutil  ninrkrd 
\>y  iho  nick  JQ  Oic  base  lioo  nurl  by  the 
clotted  liue. 
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one  has  as  yet  reported  their  production  experimentally  from  stimulation  of 
the  gastro-intostinal  tract,  and  the  mechanism  by  which  they  arise  in  these 
cases  is  Mtill  obsnin'. 

Lewis  has  produced  ventricular  extrasystoles  by  ligating  one  of  the 
descending  branches  of  the  coronary  arteries,  and  a  similar  association  with 
coronary  sclerosis  is  sometimes  noted  clinically,  but  whether  the  extrasystole 
then  arises  as  the  result  of  weakening  of  the  muscle  and  overstretching  of  the 
wall  or  from  an  increased  irritability  of  the  fibres  undergoing  localized  asphyxia 
cannot  be  stated  definitely.  That  the  latter  is  not  the  case  would  appear 
probable  frtjm  the  fact  that  extrasystoles  are  not  common  in  the  corresptjnd- 
ing  stages  of  general  asphyxia;  and,  moreover,  other  hx^alized  injuries,  such 
as  injury  of  the  heart  muscle  by  injection  of  alcohol,  iodine,  silver  nitrate, 
etc.,  are  not  followed  by  extrasystoles  (Barker  and  Hirschfelder). 

Extrasystoles  of  Neurogenic  Origin. — Quit^>  recently  Rothberger  and 
Winterberg  have  been  able  to  induce  extrasystoles  by  stimulation  of  the  left 
accelerator  nerves,  but  only  in  animals  wliuse  cardiac  irritability  ha<l  already 
\wpn  greatly  enhanced  I »y  intravenous  injections  of  barium  or  calcium  chloride. 
The  latter  required  dos<'s  ten  times  greater  than  the  former.  Such  extra- 
systoles  probably  are  closely  analogous  to  those  met  with  clinically  in  persons 
suffering  from  indigestion. 

Physi<jlogically  tiie  condition  of  the  heart  in  which  extrasystoles  occur 
is  one  of  iricrc»as(Kl  irritability,  of  which  then^  are  several  stag<'s.  Hirschfelder 
has  sho\\ii  that  if  the  dog*s  heart  muscle  be  stimulated  with  a  very  weak 
alternating  current,  no  change  in  rhj-thm  occurs;  if  the  current  be  made 
strongf^r,  occasional  extrasystoles  set  in;  if  it  Iwi  still  stronger,  there  is  a 
sudden  acceleration  of  the  rate,  which  rises  at  one  bound  to  almost  double 
the  previous  rate,  and  at  some  time  after  cessation  of  the  stimulus  subsides 
as  suddenly  to  the  original  rate;  while  with  maximal  stimuli  the  contractions 
suddeoiy  change  from  the  ordinary  coordinate  systoles  to  a  series  of  inco- 
ordinate worm-like  contractions  (fibrillary  contraction  or  fibrillation),  in 
which  each  fibre  or  group  of  fibres  contracts  by  itself  antl  the  surface  of  the 
chamber  appears  like  a  mass  of  writhing  earthworms. 

As  regards  irritability,  therefore,  the  extrasystoles  may  be  regarded  as 
the  first  stage  in  the  scale. 

This  scale  of  intensity  is  seen  more  or  less  clearly  in  the  action  of  certain 
heart  poisons  such  as  digitalis  and  aconite;  and,  moreover,  finds  its  analogon 
in  the  realm  of  pure  physical  chemistry. 

Breiiig  and  Wilke  have  found  that  a  similar  irregularity  occurs  in  rhythmic 
chemical  reactions,  such  as  the  catalysis  of  hydrogen  pcroxiile  by  mercury, 
when  the  intensity  of  the  current  generating  them  is  increased.  The  record 
from  a  slightly  increased  current  at  first  resembles  that  due  to  single  extra- 
systoles; a  greater  increase  siiows  marked  acceleration  and  irregularity. 

Extrasystoles  may  arise  sj^ntaneously  in  any  part  of  the  heart  wall, 
in  the  right  or  left  auricle,  the  right  or  left  ventricle,  or  in  the  auriculoventric- 
ular  Ijundle.  Intleed,  as  Lewis  and  \\'yl>auw  have  proved,  they  may  arise 
in  vai'ious  parts  of  the  same  chamber,  and  the  site  of  origin  may  in  many 
cases  be  identified  by  means  of  the  electrocardiogram. 

As  a  rule,  the  extrasystole  occurs  very  early  in  diastole,  and  the  heart  is 
still  in  the  refractory  period  when  the  next  imjjulse  should  arise,  so  that  the 
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latter  is  replaced  by  a  long  pause  (compensatory  pause).  Occasionally, 
howewr,  especially  when  tlie  eartliac  irrital)iiity  is  increa^sed,  the  next  inipulae 
may  set  in  at  the  regular  time,  and  the  ctiniiMn.satory  pause  may  Ix'  omitted. 
Under  these  circumstances  the  ext-rasyst-ole  is  said  to  be  "interpolated." 

Ventricular  Extrasystoles,— Ventricular  extrasj'stoles  are  always  accom- 
panied by  full  bigemini  and  usually  by  a  single  largo  Happing  venous  pulsa- 
tion of  very  characteristic  appearance  which  s\vecj:>s  upward  over  the  sterno- 
cleidomastoid, while  the  normal  l)eats  and  the  auricular  extrasystoles  are 
usually  accompanied  by  smaller  doul>ie  undulations  which  do  not  reach 
higher  than  the  lower  border  of  this  muscle  and  are  often  barely  visible. 

The  jugular  tracing  of  a  ventricular  cxtntsi.'st^tle  shows  a  relatively  large 
wave,  sometimes  single  and  slftping,  often  in  plateau  form,  and  occasionally 
with  a  crest  which  is  surmounted  by  a  secontl  smaller  undulation,  produced 
by  the  contraction  of  the  auricle  which  takes  place  at  its  regular  time,  as 
though  the  ventricle  were  Iteating  regularly.  It  is  impossible  to  rUfferentiate 
by  means  of  the  venous  tracing  Ix'tween  extrasystoles  arising  in  the  riglit 
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Fin.  70— Tracing  from  the  ngbi  jugular  veio  and  rudml  arteo'  ot  a  patient  fthowiBC  ventricular 
ezlnunratoles  ^E,  £).  The  exlraaystolea  ar«  ■homi  aa  very  large  wavea  not  j>recedt>(l  by  an  A  wave.  (Kind- 
a««i  a  Dr.  R.  E.  Morria) 

ventricle  and  those  baling  their  origin  in  the  left.  In  many  cases  this  may 
be  guessed  at  with  more  or  less  ac(.-uracy  Ijy  a  knowletlge  of  tlie  general 
contUtions  of  sttusis  and  lesions,  extrasystoles  accompanying  aortic  disease, 
the  high  bkxKl-pressure  of  nephritis,  etc.,  l>ping  usually  left  sided,  those 
accompanying  mitral  stenosis  anrl  congenital  heart  disease  arising  usually 
in  the  right. 

The  definite  differentiation  l^etween  right  ventricular  antl  left  ventricular 
extrasj'sioles  can  always  be  made  by  means  of  the  electrocardiograph,  which 
gives  typical  tracings  (Kraus  and  Nikolai,  Kfdin),  esi>ecially  when  taken  in 
the  second  lead  (Da,  right  hand  to  left  foot).  The  curves  thus  obtained  are 
simple  diphiusic  variations.  In  right  ventricular  extriisystoles  there  is  a  very 
large  u|jstroke,  higher  than  thai  corresixjoding  to  the  regular  Ix'ats  and  of 
longer  duration,  followed  by  a  slow  fall  to  below  the  base  line;w^hile  in  the 
case  of  the  left^ided  extrasj-st-oles  the  curve  is  the  mirror  image  of  the  right, 
and  starts  off  with  a  very  deep  depression  lielow  the  line  which  is  followed  by 
a  slower  rise  alK)ve  it  (Plate  \1I).  Occasionally  extritsy stoles  arising  snme- 
times  in  one  ventricle  and  sr>metimes  in  the  uther  may  l>e  met  with  in  the 
i_  same  patient  and  even  in  different  parts  of  the  stune  tracing  (Plate  VIII). 
B  If  the  extra  stimulus  be  applied  to  the  ventricle,  the  latter  responds 

■      with  a  premature  contraction,  then  usually  but  not  always  misses  the  next 
H      impulse  from  the  auricle  and  pauses  for  a  while,  until  the  second  impulse 

^ 


Tracing  falco  in  Dl.  showing  on  cxtrasy^tolo  nrisina;  in  the  right  ventricle,  with  diaKriim.    The 
systole  UP  Mlowed  by  a  contrBCtion  of  tbo  nurtclea  (P  wave)  occurrinK  »t  tho  uauaJ  time. 
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from  the  auricle  reaches  it.  We  have,  therefore,  a  normal  contraction,  a 
premature  contraction,  and  the  subsequent  pause  (which  together  may  be 
terrae<l  a  bigeminus),  lasting  as  long  as  two  regular  contractions.  The  bi- 
geminus  may  l>e  spoken  of  as  a  ''full  b  j  g  e  m  i  n  u  s ' '  when  it  lasts 
through  two  full  cardiac  cycles,  anil  a  ''shortened 
bigeminus''  when  the  duration  of  regular  systole  + 
extraBystolc  +  Bubsequent  pause  is  less  than  two 
cardiac    cycles. 

Auricular  Extrasystoles.— When,  however,  the  extra  stimulus  is  applied 
to  the  great  veins  or  the  auricle^  the  bigeminus  lasts  less  than  two  cardiac 
cycles  if  the  stknulu.s  follows  closely  upon  the  regular  contraction,  and  exactly 
equal  to  two  cycles  if  it  is  applied  late  (Hir^chfeltler  and  Eyster).  If  the 
stimulus  is  applied  early,  the  auricalo ventricular  (atrioventricular)  conduc- 
tion time  (a-c)  interval  is  slowed.    Later  in  the  cycle  it  ie  unchanged. 


JUG. 


^lEfHACU. 


FlO,  71. — Traringa  frorn  fhp  Jugular  vein  ftnd  br.ichial  artery  of  a  pcitic-nt  with  trigciiiinal  piil-w  duo 
to  the  regular  occurrcnctj  of  two  Buriculur  eitrnsyBloles  {E.  Ei  after  eat'li  nseiilar  aystole.  The  a  irav* 
aad  Kcnerat  tatm  of  the  vcQoua  pulse  arc  tbe  aaine  for  the  regular  Mid  the  auricu  u  cxtrnsystoles. 


The  two  forms  of  extrasystoles  occur  clinically  and  may  be  differentiated 
by  the  analysis  of  the  venous  pulse;  the  extrasystoles  of  auricular  (atrial) 
origin  often  give  rine  to  shortened  b  i  g  e  m  i  n  i  ,  while  ventricu- 
lar extrasystoles  always  cause  full  b  i  g  e  m  i  n  i .  In  the 
tracings  of  auricular  extrasystoles  one  can  see  the  auricular  wave  before  the 
ventricular  even  in  the  extrasystole;  the  ventricular  showing  a  single  large 
wave  due  to  ventricular  systole,  sometimes  with  the  notch  due  to  the  con- 
traction of  the  auricle  from  reversed  conduction  of  the  impulse.  Occasionally 
ventricular  extrasystoles  can  be  distinguished  on 
inspection  by  the  large  flaj>ping  ''single''  pulsa- 
tion in  the  jugular  vein  which  accompanies  them,  in  contrast 
to  the  double  venous  pulse  of  the  normal  beats  and  the  auricular  extrasystoles 
(Hirsrhfelder). 

The  electrocardiograms  of  auricular  systoles  do  not  show  the  large  and 
striking  variations  that  accompany  ventricular  extra.sy stoles.  Indeed,  when 
the  extra  stimulus  arises  in  the  vicinity  of  the  superior  vena  cava,  the  waves 
accompanying  the  extra  stimulus  differ  from  the  norma!  only  in  being  a  little 
lower  and  in  the  fact  that  they  occur  much  earlier  than  the  normal.  When, 
however,  the  extrasystole  arises  at  an  abnormal  site  (ectopic  impulses),  such, 
as  the  region  of  the  inferior  vena  cava  or  the  left  auricle,  the  P  wave  is  in- 
verted ami  somewhat  morlified  in  form. 

Auricular  extrasystoles  occur  most  commonly  in  the  irregularities  accom- 
panjdng  mitral  disease  and  in  patients  suffering  from  paroxysmal  tachycardia 
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and  paroxysmal  irregularitj^  during  the  intervals  between  attacks.    In  the 

latter  case  especially  they  are  liable  to  arise  at  an  almormal  site.  It  seems 
probal>lc  that  in  the  latter  grtnijis  the  extrasystoles  represent  a  lower  degree 
of  the  h}'perexcitability  which  finds  its  expre^ision  in  the  paroxysms. 

A  furthtr  advanre  in  thf  clinical  study  of  extrasystolos  is  duo  to  the  clinical  use  of 
the  electrocardiogrnm  by  Einlhoven  and  his  pupiiH,  and  more  recently  by  Kraus  and  Nik- 
olai, Ilering,  and  Lewis. 

Kinthovon  called  attention  to  the  presence  of  certain  very  peculiarly  formed  electro- 
canliog^ama  obtained  from  irregularly  acting  hearts.  Kraus  and  I^ikolai  were  able  to 
re|>r«j<iuce  these  abnormal  waves  by  produrmK  extrasystoJes  in  dogs;  and  found  that  extra- 
aystoles  arising  in  tlic  right  and  left  ventricles  respectively  produced  curves  which  were 
the  inverse  of  one  another  (Plate  V'l). 

Kahu  in  Hering's  laboratory  has  been  able  to  confirm  these  findings  in  great  part. 
However,  he  calls  attention  to  the  fart  that  they  i!o  not  hold  absolutely,  and  shows  that 
stimuli  apiiiied  to  nelghburlng  pomts  in  right  and  left  vrntrieles,  near  the  apex,  may  elieit 
electrocardiograms  which  differ  only  slightly  from  one  another. 

Stimuli  which  Cause  E.xtrasystoles. — The  question  as  to  the  nature  of 
the  stimulus  which  gives  rise  to  extrasystoles  in  man  is  of  the  greatest  practical 
importance,  for  many  WTiters  (especially  Fr.  Miiller)  are  of  the  belief  that 
they  never  occur  unless  the  heart  muscle  is  diseased.  On  the  other  hand, 
Mackenzie,  whose  observations  have  been  extended  over  a  periotl  of  fifteen 
years,  regards  them  as  of  no  special  significance  either  in  prognosis  or  in 
influencing  the  patient's  manner  of  life.  He  mention^  having  advised  om*  of 
his  patients  to  continue  playing  football  in  spite  of  his  extrasystoles,  and 
adds  that  the  extrasystoles  disappeared! 

Experimentally  it  has  been  shown  l)y  Knoll,  Marey,  Hering,  and  others  that  lentric- 
ular  extrasystoles  may  be  prmiucwl  w  henever  either  the  left  ventricle  or  the  right  is  pre- 
vented from  emptying  itself  (i.i.,  by  clamping  the  aorta  or  the  pulmonary  artery).  Jn 
man  they  are  also  must  common  in  conditions  in  which  there  ia  a  high  blood-pressure  and 
the  heart  is  just  beginning  to  fail  (chroni(*  nephrites,  rayocarditi.s,  aortic  in.sutTicii«ncy), 
and  probably  fails  to  discharge  a  suflicient  amount  of  its  contents.  This  probably  acts  aa 
a  stimulus  for  a  second  extrasyatole,  as  is  frequently  seen  (pulsus  trigeminus).  Ventricular 
t'xtrasystoli«  arc  most  common  ia  hearts  whose  rate  is  alow  and  hence  which  di.scharge 
a  large  amount  of  blood.  They  are  particularly  common  at  the  end  of  the  first  third  of 
diastole  wlien  the  filling  of  the  vcnlri<'le  is  nearing  eompletiim.  The  ventricular  fibres  are 
atretched  more  or  less  by  the  influx,  and  in  conditions  of  increa.-'ed  irritability  the  stretch- 
ing of  the  fibres  may  act  as  a  stimulus  and  give  rise  to  the  extrasystoles. 

Similar  ctinditiona  are  ob.serveil  with  reference  to  the  auricle.  Dr.  Cameron,  in  the 
writer'a  laboratory,  obsen'ed  an  instance  of  permanent  bigeminal  pulse  in  a  dog  due  to 
the  prcssenee  of  a  bubble  of  air  in  the  right  auricle.  The  air  hud  entered 
from  a  hypodermic  syringe  during  an  intravenous  injection.  When  the  bubble  was 
massaged  out  of  the  auricle  the  bigeminal  pulse  irtisa[)peare«l.  It  seems  not  im[)roba- 
ble  that  mural  thrombi  may  play  a  similar  role,  though  it  is  certain  that  tlii.'i  is  not 
always  the  case. 

.Auricular  extrasystoles  may  also  be  produced  e.xperi mentally  by  causing  a  s  t  e  n  o- 
si  9  at  the  auriculoventricular  orifices  (Hu^chfelder).  Clinically  they  occiu"  quite  com- 
monly in  mitral  di.setus(^  and  most  fr«'queatly  begin  at  the  time  of  the  i*  wave,  the  very  in- 
etant  in  the  cycle  at  which  the  auridt?  m  mo.'st  distend^il  (Fig.  71).  Nevertheless,  it  must 
be  confessini  that  much  remains  to  be  learne<J  regarding  the  nature  of  the  stimulus  or 
Btimuli,  and  the  actual  functional  significance  of  extrasystoles. 

Palpitation  with  Extrasystoles. — Extrasystoles  are  very  frequently 
associated  clinically  with  cardiac  hypera'sthe^ia  in  the  form  of  palpitation, 
so  that  many  clinicians  erroneously  regard  all  irregularities  with  palpitation 
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a3  extrasystolic.     Howovor,  it  is  possible  that  this  hyporscnsibility 
the  heart  may  have  some  causal  relation,  since  Hornung  has  shown  thai 
extrasystoles  in  the  dog  are  most  readily  produced  by  stimulating  in  the  ] 
vicinity  of  the  cardiac  nerves — auriculo(atrio) ventricular  and  interventricular  1 
grooves — and  that  they  cannot  be  pntduced  after  cocainizing  the  ejiicardjum. 
As   stated   above,  Rothberger  and   Winterberg   have  produced   them  by  i 
stimulation  of  the  cervical  sympathetic  branches,  and  stimuli  along  the  I 
sympathetica  may  also    be  responsible  for   their  occurrence   in  cases  of ' 
gastro-intestinal  disease.      It   is  certain   that  they  are  often    brought  on 
by  constipation  and  flatulence  in  certain  persuns,  but  whether  there  is  a 
myocardial  lesion  already  present  in  these  cases  is  a  still  open  question. 

Ineffectual  Contractions- — When  the  extrasystole  occurs  early  in  dia.'Htole, 
the  heart  may  nttt  have  recovered  from  the  effect  of  the  last  systole  sufficiently 
to  generate  a' forcible  contraction.  Tiie  aortic  valves  are  not  opened.  The 
aortic  second  of  the  extrasystole  disappears  and  the  sounds  change  from 

1—2—3—4 —  1—2,  etc.,  to  1—2—3 1—2,  etc.     By  beating 

time  to  the  regular  beat«  it  is  sometimes  possible  to  note  that  the  total  rhjihm 
is  unchange<l  by  occasional  ventricular  extrasystoles.  Such  extrasystoles  cor- 
respond to  impulses  on  the  apex  and  jugular  tracings  but  not  on  the  carotid. 

The  variations  in  the  force  of  the  extrasystoles  or  in  the  beats  of  the 
absolutely  irregular  pulse  are  great.  Occasionally,  especially  when  the  extra- ■ 
systoles  occur  early  in  the  cardiac  cycle  and  there  is  a  high  peripheral  resist- ™ 
ance,  the  intracardiac  pressure  may  not  reach  the  aortic  pressure  and  the 
aortic  valves  are  not  opened.  The  systole  has  been  ineffectual  (Frustrane 
Contract ionen,  Hochaus  and  Quincke).  The  compensatory  pause  after  these 
may  l)e  so  long  and  the  circulation  may  be  so  poor  that  actual  syncope  simu- 
lating the  Adams-Stokes  syndrome  (W,  B.  James)  may  take  place  in  thej 
interval  between  the  regular  beats.  On  the  other  hand,  a  great  deal  of  eardia 
energy  has  been  expended  without  opening  the  cardiac  valves  and  without 
propelling  any  blood.    This  increiuses  the  cardiac  fatigue. 

Bigeminal  and  Trigeminal  Pulses  due  to  Extrasystoles. — Very  common 
fornis  of  extrasystolic  irregularity  are  those  in  which  the  extrasystoles  recur 
after  each  regular  beat;  thus  we  may  find  every  beat  followed  by  a  single 
extrasystole  and  compensatory  pause,  so  that  the  pulse  beats  occur  in  pairs 
separated  by  pauses  {pulsus  bigeminus),  or  there  nia}'^  be  two  extrasystoles 
following  regularly  after  each  regular  systole  {pulsus  trigeminus),  as  in  Fig. 
71.  Those  may  be  of  either  the  auricular  or  the  ventricular  type,  dependent 
upon  the  site  of  the  origin  of  the  irregularity  or  of  the  so-called  auriculo(atrio) 
ventrii'ular  tyjie  referred  to  below.  As  stated  alxtve,  it  is  sometimes  difficult 
to  differentiate  the  auricular  extrasystolic  groups  from  the  youthful  type  of 
arrhythmia,  but  this  may  usually  be  accomplished  by  the  use  of  a  sufficiently 
large  dose  of  atropine. 

As  Hering  has  shown,  ventricular  extrasj^stoles  frequently  disappear 
under  atropine  or  any  other  influence  by  which  the  pulse-rate  is  accelerated, 
so  that  the  normal  stimuli  fall  in  at  about  the  periods  at  which  the  abnormal 
stimuli  would  have  fallen.  The  form  of  the  venous  pulse  in  ventricular 
extrasystoles  is,  however,  characteristic.  m 

Auriculo(Atrio] ventricular  Extrasystoles. — It  is  also  claimed  by  Hering^ 
and  Rihl,  Mackenzie  and  Wenckebach,  Lohmann,  Schmoll,  Mackenzie  and 
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Morrow,  and  others  that  extrasystoles  may  arise  in  the  Purkinje  cells  of  the 
conduction  system,  and  that  such  extrasystoles  are  char- 
acterized by  a  shortening  in  the  conduction  time 
(a-c  interval  on  tlie  venoua  pulse),  for  the  impulse  is  conductetl  simultaneously 
in  both  directions. 


VOLUME  OF 

VENTRlCLEi* 


BL0OD-PRE88URK 


Fto,  72. — Volume  curve  of  the  veDtriotea,  Bbowia«  the  diliitatioQ  which  followed  the  entriiDce  at 
an  air-bubble  into  the  right  nuricle.  (KiadtMssa  oi  Dr.  Cauierou.)  The  extrMy«tole«  drive  very  Uttlo 
btooU  into  the  aorta.    DIL,  dilatatioa. 

Ciishny  has  founri  the  sunie  thing  in  dogs  poisonod  with  aconitp,  and  Hirschfeklpr  has 
repeal  e<lly  proilturcd  iIhtu  in  hcaria  whose  exeitubilily  was  inrTcaswi  by  faraJizaiion. 
RothbofRrr  and  Winterberg  have  found  that  such  extrasyatoles  give  riwtoa  charaHeriatic 
ctrocardiogram  with  a  very  small  P  wave  which  occurs  jiist  before  the  R.    Correspond- 
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Fio.  73,— Eitrajj-Btolea  with  shortened  conduction  time,  supposed  to  ari  '•_  ij  ' '  o  auric  ulo  ventricular  bundle. 

to  the  two  ventricles,  extrasystolcs  arising  in  the  two  branches  of  the  bundle  give 
ence  of  the  P  wave,  a  rather  email  R,  and  an  inverted  T. 
(taskcll  has  shown  in  frogii  that  if  the  t:s.suo  at  the  auriciilovcntricular  junction  was 
totiohed  with  a  j>robe  aserica  t>f  cxtrasystoli's  sot  in  bnth  auricle  and  ventricle.   And  Boml 
has  been  able  to  watch  this  process  in  the  frog,  in  which  he  could  see  the  auriculovcntricular 


fto.  74. ^Variation  U  eoiidu«tioD  tisae  (a~e)  in  a  ease  of  mitral  tt«nod«L 

muflcle  fibres  contract  first,  and  this  was  followed  by  the  contractions  of  auricl(»  and  of 
the  A-entridf,  which  contracted  at  apparently  the  aanie  instant.  In  mamiimla  it  cannot  be 
dend^ij  whether  the  fibres  of  the  conducrmn  Bystcrn  conduct  or  merely  coiitrurt,  but  extra- 
Hystoles  in  which  auriclea  and  ventricles  contract  BimuUanei:>u.^ly  (nodal  extrai^yH(o](«) 
are  occasionally  met  with.    Lohmann  also  observed  them  persisting  after  the  tissue  in  the 
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vicinity  of  the  His  bundle  had  lieco  stimulatetil.    In  a  later  investigation  upon  the  ( 
heurt  Lohiuiinn  jxiisj^ned  tli«."  region  i>f  tht;  ven:f  cnva-  by  tnwiiw  of  cotton  soaked  in  fuf-l 
niaJin.     lie  then  sonietimes  saw  extras>T5tolea  set  in  spontaneously.     Tlic  auricles  and  wn 
trick's  sometimes  contracted  simultaneously,  sometimes  there  were  ventricular  extrasystolei 
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5-16-16  HAM  Deeplospirdtion 


Fta.  "i* — TracinB  from  right  jujrular  vein  and  Irft  radial  artpry  i<.huwiD|C  ahpuliitv  arTh%ihiiJia  dtie 
to  Buricul&r  liLiritliitiuD.  The  jugular  pulse  shows  au  «vidrui*«  of  u  >^uver<  and  nbowis  the  v(-iitri<'ular  t>pr 
of  puUatioa.  One  meflectual  «ystf>l«  (li  ia  too  wrtik  to  r»ppn  the  Durtir  vnlvea  nod  hence  appvara  on  Ux 
Jugular  but  gives  ao  sicn  upon  the  radial  pulae.     (Kiodneaii  oJ  Dr.  K.  E.  Murris.) 

Upon  the  clinical  side  thore  is  sijmo  positive  e.vidouce.     Peculiar  extr; 
systoles  often  occur  between  jittacks  of  paroxysmal  tachycaniia,  but  occ 
sionally  also  in  casrs  with  simple  vaKiihir  lesions.     Keith  has  found  patches" 
of  fibrous  myocarditis  in  the  vicinity  of  the  Hi;;  bundle  in  cases  which  had 
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Via.  70. — Diagram  showiii](  th<>  alterations  of  rhythm  which  may  couso  a  puiaus  bigvmiaus.    The  arrow       | 

indicate  the  Incitteaac  of  stimuli  ori.  ^^t 

shown  these  extrasystoles,  and  thinks  that  they  iiritafced  the  cells  in  the 
vicinity,  but  such  scars  are  very  common,  and  elsewhere  in  the  heart  are 
not  known  to  act  as  irritative  lesions.    Moreover,  the  writer  has  never  beef^ 
able  to  produce  them  by  pressure  uptjn  the  Ijundlc  with  an  Erlanper  clamp,™ 
injection  of  mercurj'  into  the  left  branch  of  the  bundle,  etc.    So  that  in  spite 
of  the  interest  in  tlie  subject  it  must  be  admitted  that  the  occurrence  o^M 
extrasy.st^iles  with  shortened  conduction  time  cannot  be  a.s  yet  regarded  as^ 
al>solut(*  proof  of  a  lesion  near  the  His  bundle,  but  only  to  heightened  excita- 
bility of  the  latter. 

Prognosis  and  Treatment  of  Extrasystoles.— From  the  stand-point  of 
projmot^is  and  treatment  patients  with  extrasystoles  may  be  divided  into  tv 
groups: 


I 

I 
I 


1.  Extrasystoles  in  otherwise  normal  hearts. 

2.  Extrasystoles  in  weak  or  overworked  hearts. 
Occasional  eAtrasystok'i*  occur  in  many  piTsuns  who  are  otherwise  healthy. 

If  they  are  not  rendered  more  frequent  hy  e.\crci.se  they  may  usually  be  dis- 
regarded, but  if  exereu^e  increa;^*s  their  frequency  they  are  often  signs  of 
deeper  myocardial  in\'olvement.  Quite  frequently  they  may  entirely  clis- 
apfjear  when  the  pulse-rate  is  quickened  by  atropine,  nitroglycerin,  or  even 
by  exercise.  Mackenzie,  indeed,  cites  the  casc  of  a  young  professional  football 
player  who,  though  otherwise  hefdthy,  was  troubled  by  occasional  extrasys- 
toles and  had  been  condemned  by  various  physicians  to  a  life  of  invalidism  on 
this  account,  whose  heart  l)ccame  regular  again  a^s  s<x)n  as  lie  Ix^gan  to  enter 
into  the  heat  of  a  game,  which  he  played  in  his  best  form  without  the  slightest 
inconvenience. 

The  extrasystoles  in  themselves  under  these  conditions  do  not  demand 
treatment,  unless  they  are  accompanied  by  palpitation  which  distresses  the 
patient,  and  in  that  case  avoidance  of  excitement  antl  fatigue  and  of  an  over- 
loaded stomach,  temp^jrary  abstinence  from  tea,  coffee,  alcohol,  and  tobacco 
(and,  if  necessar>',  the  administration  of  bromides  may  be  resorted  to)  is  the 
rule  in  young  persons  with  otherwise  normal  hearts. 

In  those  cases  which  are  secondary  to  flatulence,  constipation,  and 
gastro-intostinal  fermentation,  the  pulse  may  l)oeome  regular  us  s<K»n  ii-s  these 
conditions  are  remedie<l.  If  these  do  not  suffice,  suuill  li^ises  of  digitalis  may 
l>e  given,  but  larger  doses  are  more  likely  to  increase  the  irrital>ility  of  the 
heart,  and  hence  the  occurrence  of  extrasystoles,  than  to  depress  it. 

On  tile  other  luind,  in  ix?rsons  with  valvular  disease  or  witli  high  blood- 
pressure  the  prt'sence  of  exlra.sy stoles  may  Ix*  regarded  as  an  indication  that 
the  ventricles  are  not  dri\'ing  out  blood  well  at  each  systole,  ami  therefore 
they  may  lj»e  a  forerunner  of  imjx'nding  <langer.  This  is  especially  true  when 
the  number  is  increased  by  exertion  and  accompanied  by  dyspnoea.  More- 
over, it  must  be  Ixjme  in  mind  that  Lewis  has  produced  ventricular  extra- 
systoles by  ligating  the  descending  branch  of  one  of  the  coronarv'  arteries;  and 
the  occurrence  of  extrasystoles  as  the  result  of  coronarydisea.se,  e^ix'cially  in 
elderly  individuals,  must  always  be  borne  in  mind;  but  neither  the  presence 
of  coronarj'  sclerosis  nor  of  any  organic  lesion  whatever  can  be  diagnosed 
from  the  presence  of  ventricular  extrasystoles. 

In  weakened  or  overworked  hearts,  regardless  of  the  definite  anatomical 
diagnasis,  the  presence  of  extrasystoles  constitutes  a  definite  indication  for 
digitalis  and  the  usual  treatment  of  caRliac  overstniin. 

Various  T>pes  of  Allorrhythmia  which  May  Result  in  a  Bigeminal  Pulse. 
— It  must  l)e  lx>me  in  mind  that  the  iiigeminal  pulse  is  not  pathognomonic 
of  any  single  disturbance  of  function,  Init  may  occur  in  any  of  the  following 
conditions  (Fig.  7ii):  (1)  recurring  ventricular  extrasystoles;  (2)  recurring 
auricular  extrasystoles;  (3)  recurring  auriculoventricular  extrasystoles;  (4) 
recurring  slight  auriculoventricular  heart-block,  the  ventricle  failing  to 
follow  every  third  beat;  (5)  recurring  sino-auricular  block  (?),  the  auricles 
failing  to  re.spomi  to  every  third  impulse;  (Q)  recurring  vagal  prolon- 
gation of  every  alternate  diastole.  Similar  conditions  hold  for  the 
trigeminal  pulse,  except  that  two  extrasystoles  or  regular  beats  are  inter- 
polated before  the  pause. 
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AURICULAR    FIBRILLATION     (ABSOLUTE    ARRHYTHMIA;     DISORDERLY     RHYTHM; 
PULSUS   IRREGULARIS   PERPETUUS;   PAROXYSMAL   IRREGULARITY). 

One  of  the  commonest  and  most  characteristic  forms  of  arrhv^hmia  is 
that  which  is  seen  in  nmny  old  castas  of  mitral  stenosis  and  myocarditis  in 
which  the  pulse  ha^ii  become  permanently  irregular.  The  beati?  cunip  in  jijroups 
in  which  no  order  is  discernible;  an  irregularity  in  force  and  rhythm  devoid 
of  definite  relation  to  the  phases  of  respiration  or  of  indications  of  heart- 
block,  and  free  from  the  pairs  of  trios  and  associated  Ijeat-s  which  are  charac- 
teristic of  extrasystolie  arrhjlhmias.  No  two  parts  of  the  curve  resemble  one 
another,  and,  in  contrast  to  the  extrasystolic  arrhjlhmias.  weak  Ijeat^s  may 
follow  the  longer  pauses  just  as  well  as  strong  beats.  On  this  account  it  was 
termed  "absolute  arrh\ihmia"  or  "disorderly  rhythm"  by  Mackenzie, 
and,  on  account  of  its  frequency  among  the  cjuses  ttf  persistent  arrhv-thmia, 
the  designations  "pulsus  irregularis  perpetuus"  (Hering),  "arrh^-llimia 
perpetual"  (Gerhardt),  and  ''perpetual  arrhythmia"  (Hewlett)  were  appHed 
to  it  also. 

The  patients  arc  usually,  but  by  no  means  always,  weak,  cyanotic,  and 
subject  to  shortness  of  breath  u[>on  the  slightest  exertion.  Their  jugular  veins 
are  full  and,  owing  t-o  the  increiused  venous  pressure,  stand  out  prominently 
across  the  steniocleidonmstoid,  showing  the  pouches  above  the  venous  valves. 
Often  there  is  little  or  no  pulsation,  but  in  many  cases  a  "single"  venous  pulse 
may  be  made  out  with  one  impulse  accompanying  the  pulse  in  the  earotid. 

When  a  tracmg  of  the  venous  pulse  is  taken,  this  wave  is  seen  to  be  of 
the  ventricular  type,  a  single  plateau  or  an  M-shaped  crest  throughout  ven- 
tricular sj'stole,  with  no  indications  whatever  of  an  auricular  contraction 
{a  wave  al>sent).  Occasionally,  as  in  Fig.  47,  there  is  no  po.sitive  pulsation, 
but  the  mitlsystolic  {x)  depression  becomes  so  deep  as  to  represent  the  most 
prominent  wave  uj^n  the  tracing.  Tracings  taken  from  the  cesophagus  in 
this  fonn  of  arrhythmia  show  only  the  contractions  of  the  ventricle  (Hewlett, 
Clerc  and  Esmein). 

The  exact  nature  of  this  form  of  arrhythmia  was  long  a  matt^er  of  doubt. 
Mackenzie,  at  first,  reljnng  upon  the  absence  of  the  a  wave  and  the  general 
form  of  the  pulse,  beheved  that  the  auricles  were  absolutely  paralyzed,  and 
that  the  impulse  no  longer  arose  at  the  usual  site  but  in  the  tissue  of  the  His 
bundle  at  the  node  of  Tawara;  and  aeconUngly  he  designated  this  form  of 
arrhythmia  £is  ""nodal  rhythm."  Lat^r  he  thought  that  the  auricles  and 
ventricles  were  contracting,  and  hence  the  wave  of  auricular  contraction 
superposed  upon  the  c  wave  could  not  he  made  out.  In  support  of  this  view, 
he  prest^nted  the  findings  in  a  nunil>er  of  autopsies,  by  Keith,  (if  patients  who 
had  cUed  with  this  fomi  of  arrhythmia  in  which  there  were  sclerotic  myocartUal 
lesions  (supposed  to  l>e  irritative]  in  the  vicinity  of  the  His  bundle. 

Cushny  and  Etkimnds  and  Hewlett,  as  the  result  of  experiments  upon 
dogs,  suggested  that  this  fomi  of  irregularity-  might  result  from  fibrillation 
of  the  auricles.  J.  MacWilliam  (J.  Physiol.,  1887.  iii.  2%)  had  noted  that  such 
fibrillary  movements  readily  ot^currcd  in  hearts  of  high  degree  of  irritability 
and  that  they  were  inhibited  by  vagus  stimulation.  F.  Philijis,  a  pupil  of 
Fredericq  (Arch.  Intemat.  de  Phj-^ioi. ,  ltKM-()5,  ii,  271 ),  produced  such  arrhyth- 
mias in  dogs  and  showed  that  they  were  associated  with  fall  of  blood-pres- 
sure.   Fredericq  sliowed  that  after  destroj'ing  the  A-V  bumllc  auricular  fibril- 


CARDUC  RHYTHM. 

latjon  no  longer  produced  arrhjrthmia  of  the  ventricle ;  but  the  association  of 
this  condition  mth  the  conmion  clinical  arrhythmia  was  not  definitely  proved 
until  1909.  when  Rothberger  and  Winterborg  and  Lewis  showed  that  the 
electrocardiogram  in  such  cases  assumed  a  very  characteristic  fonn,  upon 
which  the  two  ventricular  waves  (R  and  T)  are  well  marked,  but  the  single 
presystolic  (P)  wave  is  absent,  and  replaced  by  a  series  of  undulations  irregu- 
lar in  size,  in  form,  and  in  rate,  and  taking  place  continuously  throughout 


Fio.  77  — Pprpptual  ttrrbythroia  of  the  ventricles.     (Aftfr  Jolly  and  Ritchie. 1    The  »mm\\  wav«let«  (o)  ar* 

du*  to  auncutar  flutter, 

systole  and  diastole  of  the  ventricle.  The  average  rate  of  these  fibrillar  con- 
tractions varies  from  about  450  to  about  1(K)0  jjer  minute;  the  slower  ones 
H  being  larger  and  approaching  more  nearly  to  forcible  contractions,  the  rapid 
ones  smaller  and  feebler  and  approximating  a  condition  of  absolute  paralysis. 
Moreover,  exactly  the  simie  form  of  electrocardiogram  and  exactly  the 
same  irregularity  could  be  produced  in  dogs  when  the  auricles  were  caused 
to  fibrillate  by  faradization  or  other  means,  and  this  form  of  electrocardio- 
gram corresponded  to  no  other  known  condition. 

I  These  fibrillations,  as  is  seen  from  the  electrical  variations,  are  accom- 
panied by  impulses  which  may  pass  down  the  His  bundle  and  stimulate  the 
ventricles,  but  which  tlo  so  at  a  ra(e  ton  fast  for  the  latter  to  follow,  and  hence 
they  respond  to  only  occasional  .stimuli.  In  the  dog  this  may  give  rise  to 
either  a  regular  rate  at  about  doubled  velocity  or  to  an  absolute  arrhythmia, 
but  in  man  the  electrociirdiogniph  shows  that  auricular  fibrillation  always 
lirings  alM3ut  an  irregular  rhythm. 

Filirillary  contractions  of  the  auricle  are,  as  Cushn^'^  and  Edmunds  and 
Rihl  have  shown,  too  feeble  U)  produce  any  definite  waves  upon  the  venous 
pulse,  and  hence  the  latter  assumes  the  ventricular  type,  often  showing 

■  gmall  undulations  during  diastole. 
The  ventricular  tj-pe  of  venous  pulse,  on  the  other  hand,  does  not  always 
correspijnd  to  an  auricular  fibrillation,  but,  as  Lewis  has  shown,  whenever 
a  ventricular  pulse  accompanies  a  i>erfectly  regular  rhythm  in  man,  the 
electrocardiograph  shows  that  the  auricle  is  still  contracting  (P  wave  present). 
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The  finer  and  coarser  forms  may  hai'c  some  clinieal  significance,  for  the 
coarser  type  oceiirs,  as  a  rule,  in  cases  in  wliich  conijx'naation  is  established 
or  nearly  so,  while  the  type  of  finer  contractions  is  more  common  in  c^ses 
with  badly  liroken  t-onipensation,  Ofcasionaily^  indeed,  a  reversion  from  the 
finer  t^j  the  coarj^tT  tjTX*  of  contractitm  occurs  in  the  same  patient,  accompany- 
ing improvement  in  the  clinical  condition,  but  it  i.s  doubtful  whether  this 
maiiifcstution  mux  hv  nprmfrd  as  of  iniiKirtanri'  in  jimtriinsi-i. 


Fio.  7Ji.— Diagrnra  showinc  obnortnal  elcctrocardiogruus  nud  tbt  siiuclureo  to  wUicii  tluy  sume. 

R.ACCEL,  cIectrocardit»grii:u  resulting  from  atimulatioa  vf  the  right  arci-leratyr  nprve:  I',  S,  T 
waves  increased,  R  wavu  diminiiihed. 

L.  Arc  EL,  effect  of  BiimuUtinf  the  left  Bceelermtor;  P  aod  R  w»vea  diminiahed,  5  wmvo  incre««d, 
T  w*ve  invrrt^rd. 

A.  FI BRILL,  Riiriculitr  fibrillation,  P  wave  abaeot.  replaced  by  numeroua  amal]  unduUtiotui. 

SUP  V.C.EXSrs.  riitbt  auricular  extraayslole  arisinK  in  the  vicinity  of  iho  lower  end  of  tb« 
■uperior  vena  cava  (especially  io  (bo  vicinity  of  the  Keith-Flack  node);  all  the  wavea  normal. 

I\F  V.C.SXSYS.  riiiht  auricular  cxtrasystolo  ariamg  in  tho  vicinity  of  the  inferior  vena  cav« 
P  wave  inverted. 

L.  A  .EXS  YS.  eitrasystole  ariaine  in  lb«  left  auricle ;  P  wave  inverted. 

H.V.HYPERT,  hyperlrriphy  uf  tho  right  ventricle,  all  the  waves  normal,  but  R  wave  increaaed. 

L.  V.  H  ypERT,  all  vuwu.  but  eapecially  tho  R  wave  inverted;  or  S  wave  increaacd. 

RV  EX  SYS.  extraayatole  arising  in  the  riitht  ventrirle,  showing  an  absence  of  the  P  wave,  and  i 
abnormal  ventricular  wave,  constatiug  of  a   large  initial   wave  followed   by  a  depreaaion  and  a  aeeoiul^ 
amaller  wave. 

LV  EX  SYS.  eitraayatolfl  ariaioK  in  the  left  ventricle,  ahowinc  a  large  initial  depreaaioD  followed  by 
a  lariie  bIow  wave. 

j4-V  ^A'.S'KS,  e»lraay»tolc  ariaioK  in  the  node  of  Tawara  or  the  Hi«  auriculovcntricular  bundle, 
accompiinicd  by  syncbronoua  com  faction  of  auriclea  and  veotrictca,  ahowing  ahaenceof  i  he  f  wave  and 
alightly  abrmrwal  ventricular  waved, 

R  A'V  B,  eleclwicardiogram  due  to  a  myocardial  lesion  afferting  Ihc  right  branrh  of  the  auricula 
ventricuUr  bundle;  P  wave  normal,  other  wave*  re«©TOblin(r  tho»e  duo  to  a  left  ventricular  cxtra»yalole. 

L  A-V  B,  electrocardiogratu  due  to  a  myocardial  leaion  affecting  the  left  branch  of  the  auriculov 
tricular  bundle. 

The  presence  of  auricular  fibrillation  does?  not  exclude  the  other  for 
of  disturbance,  Ivut  it  nmy  Ije  accompanietl  by  ninus  arrhythmias,  extra:?} 
toles,  anil  even  hi'art-i>luck  in  the  same  patient. 

Although  aurieuhir  fibrillation  gjves  rii^e  to  the  most  common  form  of^ 
perpetuiU  irregularity,  it  is  by  no  means  alwa^'B  perpetual. 


trrbythoiiu  due  to  uuncular  fibrillntioti  ot  the  lirip  t>-pc,  with  dia(i;ram  aliowitiis  ihc  orjtfio  dud 
truiBmiaeion  of  tbe  impulMs. 
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Cases  are  frequently  encountered,  especially  in  incipient  heart-failure 
of  mitral  stenosis  or  myocardial  insufficiency,  in  which  the  irregularity  seta 
in  only  occasionally,  often  arising  suddenly-  and  sui)sidinK  suddenly,  as  is  the 
ca^e  with  true  paroxj^smal  tachycardia,  with  which  it  is  closely  associated.! 
The  rate  remains  rapid  and  irregular  for  a  period  which  may  vary  from  a 
few  minutes  to  hours,  tlays,  or  weeks,  during  which  the  patient  usuallj'  feels 
weak,  often  a  little  light-hea<Ie<l  or  giddy,  and  with  a  feeling  of  fluttering  in 
the  chest  and  sometimes  definite  precartlial  oppression,  and  shortness  of 
lireath  on  slight  exertion.  The  attacks  may  at  any  time  subside  suddenly 
and  spontaneously  to  the  regular  ratet  which  is  normal  for  the  patient,  whose 
health  and  \igor  are  then  suddenly  restored,  just  as  is  the  case  in  idiopathic 
paroxysmal  tachycartlia.  Occasionally,  as  in  a  case  reported  by  Lewis,  true 
]>aroxysnm!  tacliycardia  passes  into  this  form  of  arrh>'tlimia,  a  transition 
which  is  not  strange,  since,  as  Hirschfelder  has  shown,  the  functional  disturl> 
ances  are  clearly  allied,  and  indeed  seem  to  represent  a  difference  of  degree  of 
hyperirritability  rather  than  an  essential  difference  in  mode  of  origin.  More- 
over, as  Ix'wis  and  Fox  have  shown,  paroxi'snis  of  aljsolute  irregularity  iisuaily 
become  more  and  mure  frdpient,  more  tmd  more  prolonged,  and  fina!l>'  merge 
into  a  condition  of  j>ern«ment  irregularity,  whereas  paroxj^smal  tachycardia  j 
may  persist  for  decafles  without  increase  in  severity  or  impairment  of  the  j 
general  health — and  without  definite  association  with  any  organic  lesion. 

Anatomically  the  usual  legions  of  myocarditis  are  found  in  these  cases^ " 
hut  in  addition  Schonberg,  Keith  and  Ivy  Mackenzie,  and  Hedinger  have 
never  failed  to  find  lesions  in  the  superior  vena  cava  at  the  veno-auricular 
junction  (node  of  Keith  and  Flack).  In  view  of  the  fact  that  from  a  physio- 
logical stand-jx>int  the  condition  corresponds  merely  to  a  contiition  of  h\'per- 
irritabiiity  of  the  auricular  tissue,  it  is  still  questionable  whether  all  cases 
correspond  to  definite  lesions  of  the  myocardium. 

Mechanical  Effect  of  Arrhythmia  on  the  Circulation.— The  mechanical 
effect  of  any  arrhythmia  is  to  slow  the  circulation ,  as  may  be  easiiy  seen  from 

the  volume  cur\'e  of  the 
heart  during  a  period  of 
irregularity.  This  slowing 
in  itself  tends  to  bring  on 
cyanosis,  increase  the  COi 
in  the  blood,  and,  as  Cam- 
eron has  showTi,  to  dimin- 
ish the  tone  oi  the  heart 
muscle  in  this  way.  On  | 
the  other  hand,  the  1od|j^ 
pauses  cause  an  increase  of 
pressure  in  the  veins,  and  the  influx  of  venous  blood  under  a  relatively 
increased  pre.'^sure  acting  upon  cardiac  muscle,  whose  tone  is  diminished, 
tends  to  overthstend  the  heart  (as  seen  in  Fig.  79),  The  over-distention,  by] 
increasing  the  diameter  of  the  ventricular  chamber,  increases  t  he  hydrostatic 
pressure  upon  its  walls  !ind  causes  it  to  work  at  a  disadvantage.  Thus  ia 
established  the  vicious  circle  of  the  irregular  heart: 

Overfilling  of  heart 
Slowing  of  circulation  -< Irrepfularity 


Fia.  7B. — EfTert  of  arrhythmia  on  the  circiilfttion,  blood- 
prenure,  ftn<i  volume  of  the  ventricte*.  TraciriK  (com  a  dog's 
liraH.  xricauLfltM)  irregularly  with  incluction  shockA.  /,  /,  /, 
inpffectual  systnlivi;  DIL,  dilatation.  Upstrokes  on  volums 
curve  represent  outflow  from   the  ventricles. 
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The  effect  is  mwit  marked  in  the  auricle®,  where  tone  changes  show  themselves 
in  more  marked  deg;ree  than  in  the  ventricles,  and  over-distention  sets  in  and 
facilitates  fibrillation.  When  the  auricles  are  fibrillating,  the  genesis  of  efficient 
stimuli  becomes  more  difficult,  it  is  harder  to  accelerate  the  pulse  during 
exercise,  etc.,  and  conse<iuentIy  it  Ix^eomes  easier  for  CO2  to  accumulate  in 
the  blood  in  the  irregular  than  in  the  regular  heart,  and  the  heart  in  this 
condition  is  per  se  [KTmanently  weakene<l. 

Effect  of  Dij^italis  in  Arrhythmia  due  to  Auricular  Fibrillation. — The 
most  striking  result^s  that  are  ever  obtained  from  the  use  of  digitalis  in  heart 
diseases  are  obtained  in  the  arrhythmias  due  to  auricular  fibrillation.  The 
pulse-rate,  it  is  true,  does  not  become  regular,  but  it^  rapid  rate  can  l>e  dimin- 
ished almost  at  ivill  by  the  use  of  the  drug;  and  the  slowing  of  the  pulse-rate 
almost  invariably  ushers  in  an  improvement  in  the  clinical  condition.  This 
is  flue  to  the  fact  that  many  of  the  symptoms  are  due  merely  to  the  rapidity 
of  the  heart  rate  and  the  number  of  premature  and  ineffectual  contractions 
rather  than  to  the  fact  that  the  rate  is  an  irregular  one,  or  even  to  the  absence 
of  effectual  contractions  of  the  auricle,    W,  B.  James  regards  the  number  of 

rate  o\pr  the  heart 

ineffectual  contractions  (pulse  deficit)  as  shoiATi  by  the  ratio -, 

r;ttr  :it  wriyt 

as  indicative  of  elinical  eondition,  a  relatively  high  ratio  indicating  cardiac 
weakness,  a  fall  forward  indicating  improvement. 

The  action  of  digitalis  in  auricular  fibrillation  is  due  almost  entirely  to 
the  blocking  of  the  impulses  that  pass  from  the  auricles  to  the  ventricles. 
The  impulses  due  to  fibrillation  are  in  the  main  more  easily  blocked  than 
those  due  to  coordinate  contractions,  and  a  mild  degree  of  heart-block  is  thus 
easily  introduced  by  which  any  desired  number  of  impulses  may  be  cut  off 
from  crossing  the  His  bundle,  and  thus  almost  any  desired  pulse-rate  can  be 
attained.  This  action  of  digit^ilis  is  due  almost  entirely  to  stimulation  of 
the  vagi,  for  Mackenzie  has  shown  that  the  rapid  heart  rate  is  resumed 
upon  the  a<lministration  of  atropin.  It  is  only  in  the  later  stages  of  digitalis 
action,  as  Hirschfelder  has  shown  in  animals,  that  a  purely  muscular  effect 
of  digitalis  which  is  imlepentlent  of  tht*  v^agi  and  unintlueneed  by  atropin  is 
brought  about. 

Although  it  is  always  possible  with  any  individual  to  give  digitalis  to 
the  point  of  complete  heart -block,  the  i>est  effects  are  obtained,  as  Mackenzie 
has  shown,  after  a  very  considerable  reduction  in  rate  huA  been  obtained. 
The  optimum  rate  varies  with  diflerent  individuals  dependent  largely  uix)n 
the  circulation  in  the  coronary  arteries  and  in  the  medulla,  but  it  is  usually 
advisable  to  administer  enough  ot  the  drug  to  bring  the  pulse-rate  down  to 
70  or  80  per  minute  in  about  a  week.  This  is  usually  accompanied  l>y  striking 
improvement  of  clinical  symptoms.  Each  case  has  its  own  optinmm  rate 
at  whieh  greatest  vigor  and  fewest  syniptt>ms  are  met,  Mackenzie  finds 
that  this  may  l->e  as  low  as  48  per  minut^^  without  inducing  any  symptoms 
save  those  of  improvement,  but  though  this  level  may  occa.sionally  t>e  reached, 
the  writer  has  found  that  it  is  necessary  to  proceed  slowly  in  reducing  the 
rate  much  lielow  70;  and  the  latter  stages  of  the  reduction  should  l>e  accom- 
plished very  slowly.  On  the  other  hand,  if  digitalis  is  pushed  too  far,  weakness 
of  the  ventricles  sets  in,  and  the  patient's  health  may  suffer. 
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Paroxysmal  Tachycardia  and  Auricular  Flutter. — Cotton  in  1867  de- 
scribed a  peculiar  coiKlilion  in  which  iiltack.s  of  extreme  taehycardiji  were 
present,  leaving  the  heart  iiuite  nornuil  in  the  interim.  Similar  cases  were 
reported  by  Bensen,  Nothnagcl,  Proeb.sting,  Priesendorfer.  Pribram,  and 
Bristowc,  who  considered  them  to  be  due  to  a  sort  of  vagus  neurosis.  Bou- 
veret,  however.  rej!;arded  the  eondition  as  a  distinct  elinical  entity,  of  which 
he  was  able  in  1889  to  collect  over  twenty  cji-ses  from  the  literature,  and  which 
he  designated  as  "essential  (or  idiopalhie)  paroxysmal  tachycardia  (tachy- 
cardie  paroxj-stique  es.sentielle)."  According  to  Bouvcret,  this  condition  is 
characterized  by  attacks  in  which  the  pulse  sudtlenly  atkiins  a  rapidity  (200 
to  300  per  minute)  which  i.>^  never  seen  in  any  other  condition,  even  in  the 
gravest  heart  failures.  These  attaclcs  last  from  several  minutes  to  several 
days  or  even  weeks,  and  subside  as  suddenly  as  they  come.  They  sometimes 
recur  for  years  and  often  for  decades  without  seriously  interfering  with  life 
and  general  health  of  the  patient;  or,  on  the  other  hand,  an  attack  sometimes 
ends  in  death. 

Bouveret's  clinical  description  was  so  complete  that,  though  many  cases 
were  subsequently  reported,  little  that  was  essential  was  added  until  Aug. 
Hoffmann  in  1900  called  attention  to  the  fact  that  the  paroxysms  of  tachy- 
cardia l>egan  and  ceased  with  extreme  suddenness,  and  showed  by  excellent 
tracings  that  the  complet'C  change  of  rate  often  occurred  within  the  peri^xl 
of  a  single  canliac  cycle.  Moreover,  he  showed  that  this  change  of  rate  was 
an  exact  doubling,  treltling,  or  quadrupUng  of  the  pre\ittus  rate,  and  ended 
by  halving,  quartering  or  dropping  to  one-third  For  example,  the  nornml 
pulse-rate  being  70,  the  rat«*  during  an  attack  might  be  140,  210,  280  per 
minute,  and  idee  versa.  Hoffmann  regarded  this  .-^udtien  complete  change  of 
rate  as  characteristic  of  the  essential  or  idiopathic  paru.xysmal  tachycardia, 
in  contrast  to  the  simple  tachycardia  of  exercise,  excitement,  or  convalescence, 
in  which  the  change  of  rate  is  due  to  loss  of  vagus  tone  and  comes  on  b}"-  a 
gradual  increase  of  rate  during  a  perioil  of  from  one  to  several  minutes.  Such 
a  tacliycartlia  rarely  exceeds  120  to  140  per  minute.  Even  though  it  may 
give  rise  to  sharp  attacks  coming  on  more  or  less  suddenly  and  accompanied 
by  palpitation,  it  is  not  to  b^  regarded  as  idiopathic  (es.S4intial)  paroxysmal 
tachycardia,  but  will  l>e  considered  under  the  simple  nervous  afTections  of 
tlie  heart  (Part  IV,  diapter  H). 

Occurrence  and  Associated  Lesions. — Paroxj'smal  tachycardia  is  equally 
common  in  both  sexes  (Bouveret,  Hoffmtmn),  It  occurs  at  a!l  ages,  frequently 
Ixjginning  in  early  childhood  and  persisting  for  decades.  On  the  other  hand, 
it  frequently  occurs  in  old  jxTsons,  as  in  G.  H.,  who  was  72  years  of  age. 
It  is  not  infrequent  in  otlierwise  healthy  pregnant  women,  in  whom  it  is  a 
very  annojnng  feature.  It  is  particuhirly  cummoti  in  mitral  stenosis,  jis  are 
also  the  related  eondititms,  [luricular  Hutter  atul  auricular  fibrillation. 

Effects  on  Circulation. — The  effect  which  these  paroxysms  of  tachycardia 
exert  upon  the  circulation  is  primarily  due  to  the  <leficient  filling  of  ventricles 
during  the  short  diastoles.  As  Yandell  Hentlerson  has  show^l,  the  ventricl(>s 
fill  to  their  normal  extent  only  when  the  pulse-rate  is  motlerately  slow,  When 
the  pulse  becomes  rapid,  the  ventricles  do  not  have  time  to  fill,  and,  since  the 
period  of  systole  is  never  much  less  than  0.2  second,  it  is  evident  that  when 
the  heart-rate  is  nmch  alxjve  200  the  period  during  M'hich  filling  can  take 
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place  i«  very  short  and  little  blood  can  ent<»r  the  vpntriclea.  Tho  volume  of 
the  heart  remains  small.  As  n  result  of  this  t'onciition,  blood  staRniit^^s  in 
auricles  and  veuxs,  veuous  pressure  rises  (to  30  cm.  H2U  in  one  ctise  examined 
by  Eyster  and  Hooker),  and  with  it  then*  come  engorgement  of  the  liver  and 
ttHlema  of  the  extremities.  St^u^is  alst>  occurs  in  the  pulmonary  vein.^,  ushering 
In  (jedemaand  dyspna'a.and  sometimes  tlnxse  symptoms  of  broken  pulmonary 
compensation  dominate'  the  scene  (see  page  207). 

On  the  other  hand,  the  arterial  pressure  falls,  hecaust%  as  the  filling  of 
the  ventricle  is  small,  the  amount  which  is  flriven  out  into  the  arteries  is 
diminished  correspitndingly.  This  fall  in  blood-pressure  is  usually  accom- 
panied by  palk»r  and  often  by  s^^nptonis  of  i-rrcbrul  ana-mia,  exactly  as  occurs 
in  hemorrhage,  surgical  shock,  or  other  conditions  in  which  the  amount  of 
blofid  in  the  arteries  is  diminished.  Other  organs  also  sulTer  from  amemia, 
and  fiiudly  also  the  heart  itself,  wliich  may  give  signs  of  weakening,  first 
evinced  by  lowered  tonus  and  dilation.  It  is  evident  that  hearts  whose  coro- 
nary arteries  are  sclerotic  would  suffer  more  readily  than  those  with  normal 
blood  supply. 

Mechanism  of  Paroxismal  Tach>'cardia. — These  tachycardias  differ 
fundamentally  from  tho  changes  in  heart  rate  such  as  those  produced  by 


Fio.  S  1)0 ^-Venous  jvii-  m  i  f  i«'  ^  t  psroxyBriial  tachyrsrdia  (G,  D.  R.).  (KindncpB  of  the  .lohnn 
Hopkina  Uuapital  Builcim.)  A.  Uuriuu  ihe  attack  (puko-rate  144  per  minute).  Ventricular  lyp*  nf 
venoua  puW,  uo  a  vave  ditcrraiblc .  c,  carotid  wave.  Time  uf  the  carotid  n'ave.  B.  Trarina;  tuk^>u  five 
minuter  later,  jiut  after  ceaaaliciD  of  the  attack.  Pula«~rale  80.  Venoua  pulae  of  th«  noniia]  auricular 
type,  cooductiou  time  ta-c  interval)  normal.  C.  Tracing  from  the  aanie  caae  taken  during  a  [wriod  of 
irregularity  a  lew  days  later,  ahuwitig  extraayatoles  with  ehortooed  conduction  lime.  The  intervala  are 
measured  in  millimetrea  upon  a  uniformly  running  drum, 

motion  or  exercise,  for  the  latter  are  produced  by  changes  in  the  nerve  im- 
pulses governing  the  heart  rate  while  the  extreme  tachycardias  are  associated 
with  increased  irritaltility  of  the  heart  muscle. 

Tachycardias  of  purely  neurogpnic  origin  set  in  gradually  and  subside 
gradually,  while  those  of  nn'ogenic  origin  set  in  at  a  single  leap  up  to  maximum 
rate  within  one  or  two  caniiac  cycles.  Mac  William,  Hirschfelder  and  Lewis 
have  shown  that  these  tachycardias  are  more  closely  associated  with  extra- 
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systoles  and  auricular  fibrillation  than  tbey  are  with  the  neurogenic  tachy*^ 
carclias  of  emotion  and  exercise. 

If  the  irritability  of  the  heart  muscle  is  increased  by  gradually  increasing 
faradic  stimulatioUt  the  first  faffed  produced  is  an  extra.systolic  arrhjihraia, 
the  next  a  tachycardia  of  regular  rate,  and  tho  maximal  stimuli  induce  fibril-  i 
lation.  AH  of  the>*e  effects,  like  the  corresponding  clinical  conditions,  set  in  I 
suddenly  and  subside  suddenly,  within  the  period  of  one  or  two  cardiac 
cycles;  and  the  gap  to  or  from  the  tachycardia  or  fibrillation  is  often  bridged 
by  one  or  two  cxtrasy stoles. 

Assuming  that  tachycardias  of  this  variety  are  associated  with  increased 
irritability  of  certain  regions  of  heart  muscle,  it  would  l>e  only  natural  to 
expect  that  any  region  whose  irritability  was  thus  increased  would  become 
the  pace-maker  of  the  heart;  and  that  therefore  dependent  upon  the  site  of 
the  pace-maker,  we  would  encounter  tachycardias  arising  at  the  sino-auricular  j 
notle  where  the  normal  beats  arise  (homogenetic)  or  at  other  regions  of  the  ] 
heart  ( heterogenetic ) . 

This  ij?  exactly  borne  out  by  climcal  ex-perience.  so  that,  sometimes  by 
means  of  the  venous  pulse  tracing  and  almost  always  liy  means  of  the  electro- 
cardiogram, we  can  differentiate  several  other  types  of  tachycardia  eveaj 
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Fio.  aOfc. — DUKram  ahowiag  Ihc  vsrioui  types  of  tachycardia.  I.  Simple  aon-paroxyBmRl  tachy>l 
eardia,  ahowiDg  tbi^  gradual  incroaac  and  gradual  decreaw  in  rate.  JUO,  vvnuija  purne;  A,  aurirulni'  itn- l 
pubca;  \',  ventricular  iiupuIseHi  A-V,  uuirieuluventricular  couiluctiou.  II.  Piiroxyniiial  tachycardia,  with  1 
perMstent  aurirular  coutracliou  ujhI  cmiing  in  auriculovcntrioular  hcart-btock  (2  :  I  rLythiiiK  III.  Parox»  j 
yiitial  tachycardia  due  to  impulset*  arisinjt  in  the  auriculoventricular  bundle  (auriculovcntricular  tachy-j 
eardia).    IV.  Paroxyatnal  tachycardia  due  to  inipulaea  ariaina  in  the  veoLricie  (ventricular  taehycardiA).  ] 

though  these  may  all  have  the  same  pulse-rates.     Thus,  we  may  have  a] 
h  e  t  e  r  0  g  e  n  e  t  i  c   auricular   tachycardia   arising  at  some  site 
in  the  walls  of  the  auricles  but  not  at  the  sino-auricular  nmle.    This  is  char- 
acterized by  the  prestmce  of  an  auricular  {a)  wave  upon  the  venous  pulse 
and  by  an  invci-siou  of  the  P  wave  upon  the  electrocardiogram.     We  may! 
also  encoiuiter  a  tachycardia  which  is  brought  on  when  the  cells  of  the  auric- 
ulo  ventricular  node  of  the  His  bundle  undergo  an  increjised  rhyth-  , 
micity  and  Ijecome  the  pace-makers;  and  in  this  case  the  a  wave  upon  thej 
venous  pulse  closely  approaches  or  fuses  wit  h  the  c  wave  so  that  there  is  a  very 
much  shortened  a-c  inten^al,  or  when  there  is  'ibs(jlute  fusion  a  short  but  liigh 
and  steep  wave  corresponding  t<>  the  c  wave.    The  elect rocartiiogram  also  un- 
dergoes characteristic  changes;  the  P-R  interval  may  become  tremendously 
reduced  (to  as  short  as  .03  to  .05  seconds)  or  the  P  wave  may  become  fused  | 
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with  the  R  wave;  or  the  P  wave  miiy  follow  the  R  wave  and  appear  as  a  small 
notch  between  the  R  and  T,  following  the  former  at  les3  than  .1  second 
interval. 

Such  a  shifting  of  the  site  of  the  pace-maker  from  the  sino-auricular 
region  to  the  auriculovcntricular  bundle  may  be  indurfd  ex|>eri  men  tally  by 
cooliiij^  the  former  with  ice  while  leaving  the  latter  region  undisturbed;  or 
it  may  be  met  with  during  perfusion  of  the  isolated  mammalian  heart  when 
the  conciitiouH  of  terajxrature,  etc.,  are  not  at  their  optinmuL 

Still  further  the  ventricle  may  Ijecome  the  pace-maker  and  aventric- 
ular  tachycardia  may  set  in  in  which  tlie  ventricle  may  Ijecome  the 
pace-maker  and  the  auricles  may  follow  them  (idioventricular  rhythm)  or 
in  which  cunduetion  may  be  impaired  and  the  ventricles  alone  may  participate 
in  the  rhythm,  while  a  ventriculo-auricular  heart-block  sets  in.  Tht'j«e  condi- 
tions are  characterized  by  a  ventricular  form  of  venous  pulse  and  by  an 
electrocarcUogram  showing  ior  all  beats  curves  which  correspond  to  those  of 
ventricular  cxtrasy stoles.  Thus,  as  might  be  exi>ected,  two  forms  of  ventricular 
tachycardia  are  encountered,  one  correspDnding  to  a  right  ventricular  com- 
plex or  curve,  the  other  to  a  left  ventricular.  Just  as  in  the  case  of  left 
and  right  ventricular  extra-sy stoles,  the  two  cun'es  are  the  mirror  images  of 
one  another. 

Such  tachycardias  may  give  rise  not  only  to  regular  but  also  to  irregular 
pulse-rates  even  though  the  rate  of  the  pace-maker,  whether  auricular  or 
auriculovcntricular,  remains,  itself,  regular.  This  i.s  due  t-o  the  fact  that  the 
auriculoventricuiar  bundle  may  be  somewhat  overwhelmed  and  fatigued  by 
the  frequent  impulses  imposed  upon  it  and  fail  t^  transmit  more  than  a  certain 
number;  so  that  a  partial  heart-block  may  set  in,  without  an^'  lesion  of  the 
auriculovcntricular  bundle.  This  partial  block  may  be  imiform  and  give 
rise  to  a  regular  rate  of  the  ventricle  one-half,  one-third,  or  one-fourth  that 
of  the  auricle;  or  the  failures  of  conduction  may  occur  at  irregular  intervals 
and  an  absolute  arrhythmia  may  be  set  up,  due  to  the  irregular  intermingling 
of  groups  %vith  1  :l, 2:1,  3:1, 4:1  block- 
Auricular  Flutter. — Paroxysmal  acceleration  of  the  auricles,  due  to 
increased  rhythmicity  or  irritabihty  at  either  the  normal  pace-maker  or  at 
some  abnormal  site,  may  givv  rise  to  an  interesting  form  of  arrhythmia 
which  may  closely  simulate  the  absolute  arrhythmia  due  to  auricular  fibrilla- 
tion. This  an-hythmia  which  was  first  descrilxfd  by  Jolly  and  Ritchie  repre- 
sents what  may  be  descril>cd  as  a  paroxysmal  regular  tachycardia  of  the 
auricles  themselves  accompanied  by  cither  paroxysmal  tachycardia,  by  an 
irregularity  of  the  ventricles  or  b}'  heart-block.  This  is  due  to  irregularity 
either  in  the  conduction  of  the  impulse  or  in  the  ventricular  resptvnse  itself; 
so  that  the  heart  rate  and  arterial  pulse  are  represented  l>y  irregularly  inter- 
spersed series  of  1:1,  2:1,  3:1,  4:1,  auriculovcntricular  block  with  an 
auricular  rate  so  rapid  that  the  relation  may  be  only  difficultly  discernible. 
As  is  the  case  of  true  parox>'smal  tachycardia,  these  contractions  of  the  auricle 
are  coordinate  systoles  of  the  entire  auricle  and  give  rise  to  distinct  and  uni- 
form waves  upon  the  venous  pulse  and  electrocardiogram  (Plate  XII,  B), 
each  ventricular  cycle  representing  a  definite  multiple  of  these  auricular  cycles. 
This  condition  represents  a  true  heart-block  superposed  upon  a  paroxys- 
mal tachyciirtha  or  condition  of  increased  cardiac  irritability.    It  differs  from 


128 


DISEASES  OF  THE  HEART  AND  AORTA. 


paroxysmal  tachycardia  only  by  the  coincident  occurrence  of  block ;  from  the 
ordinary  heart-block  only  by  the  coincident  occurrence  of  extreme  tachy- 
ctirdia  in  the  auricles,  and  from  auricular  fibrillation,  which  it  outwardly 
resembles,  only  by  the  fact  that  the  latkT  is  due  t-o  incoordinate  contractions. 
This  seems  to  represent  a  difference  only  in  degree  of  irritability  according 
to  the  scale  shown  on  page  108;  and  clinical  evidence  shows  frequent  transi- 
tions from  either  form  to  the  two  others.  In  spite  of  the  element  of  heart- 
block,  however,  there  is  but  rarely  any  organic  injury  of  the  bundle  present 
in  this  condition;  and  the  disturbance  of  conduction  is  due  merely  to  the 
functional  inability  of  the  His  bundle  to  conduct  all  the  rapid  impulses  that 
reach  it  from  above.  This  is  either  fatigue  of  the  bundle  or  is  due  to  the 
fact  that  the  impulses  are  too  weak  to  affect  it.  That  such  an  arrhj^hmia 
may  result  from  a  succession  of  regular  impulses  too  rapid  for  the  heart  to 
follow  has  been  showTi  by  Hirschfelder,  who  stimulated  the  right  auricle  of 
a  series  of  doj?s  with  weak  rapid  rhythmic  electric  stimuli  and  found  that  an 
arrhythmia  frequently  resulted  due  to  the  interpolation  of  successions  of 
1:1,2:1  rhj^thms  in  a  manner  that  could  not  be  predicted.  Strengthening 
the  stimuli  or  slowing  the  rate  both  causerl  a  return  to  1  :  1  response;  weaken- 
ing the  stimuli  or  quickening  their  rat€  increjised  the  irregularity  cf  the 
response. 

Physiological  Summary. — The  pathological  physiology  of  paroxysmal 
tachycardia  may  therefore  be  summed  up  as  follows: 

rnderlying  causes:    Increased  irritability  of  cardiiic  muscle. 

Predispo-sing  factors  for  an  attack;  Slight  reflex  stimulations  of  cardiac 
nerves. 

Condition  during  attack:  "Doubling"  or  multiplication  of  pulse-rate, 
with  or  without  auricular  fibrillation. 

Mechanical  effects  on  the  circulation,  to  which  these  symptoms  are 
referable: 

1.  Systemic  stasis,  high  venous  pressure. 

2.  Pulmonary  stasis,  high  pressure  in  pulmonary  veins. 

3.  Anaemia  of  brain,  kidneys,  and  heart,  from  low  arterial  pressure. 
Symptoms. — .Although  attacks  of  tachycardia  sometimes  run  their  course 

without  the  patient's  knowledge,  it  is  more  common  for  them  to  be  accom- 
panied by  symptoms.    These  symptoms  may  be  grouped  as  follows: 

1.  Symptoms  of  cardiac  excitability. 

2.  Thope  due  to  engorgement  of  systemic  veins  (failure  of  right  ventricle). 

3.  Those  due  to  engorgt^ment  of  pulmonary  veins  (failure  of  left  ventricle). 

4.  Those  due  to  cerebral  anremia. 

1.  Palpitation,  a  feeling  of  discomfort  or  oppression  in  the  pre- 
cordium  and  weakness  are  the  most  common  symptoms.  Tins  is  often 
worsp  just  at  the  end  of  the  attack,  and  may,  jL«t  ir.  Hay's  case,  resemble  the 
symptoms  of  angina  pectoris.  In  this  case  there  was  also  h>'periesthesia  of 
the  precortUum  and  neck.  The  latter  may  be  due  to  engorgement  of  the 
cervical  veins,  just  as  in  angina  pectoris  it  may  be  referred  from  the  heart 
(Mackenzie). 

2.  Besides  the  above-mentioned  feeling  of  fulness  in  the  neck,  the  patient 
often  has  a  similar  feeling  in  the  abdomen  from  distention  of  the  liver,  and 
swelling  of  the  feet  commonly  appears  l:)efore  the  end  of  the  attack. 


Elect rocardioEram  irom  pauenl,  ilioning  (A)  partiai  heart-block  (2;1  rhythm)  after  diptalia  with 
(S)  luddeo  on«el  orauricular  ButK-r  and  auricular  fibrillaiioii  ttnd  <C)  icturc  lu  Dormal  il  :  1  ihytboi),  all 
iHthiD  a  period  of  m  low  nuaute*.    ^KindiK-Mi  of  Dr.  R.  E.  Monia.} 
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3.  Dyspnoea  Ls  frequent.  It  is  striking  that  this  may  occur  without 
any  change  in  the  rate  of  rosjjirution,  even  in  cases  with  severe  niytKurdial 
chjinges  (Itomberg).  No  doubt  this  is  associated  with  engorgement  and  high 
pressure  in  the  puhnonary  veins.  It  is  often  accompanied  iiy  cough  and  the 
expectoration  of  mucus,  sometimes  containing  large  endothelial  cells  with 
blood  pigment  (Herzfehlerzellen).  Occasionally  there  is  actual  hemoptysis 
(in  three  of  Bouvcret's  eleven  cases)  during  the  attack.  Actual  pulmonary 
<]edema  may  indeed  set  in,  ai?  in  Pribram's  case — ^a  young  woman,  otherwise 
healthy.  %vhase  attacks  were  so  severe  that  "the  pube  became  barely  palpable. 
The  patient  fell  into  a  state  of  collapse,  and  finally  (Ctlcma  appeared  in  the 
lower  part  of  the  lungs.  At  the  moment  when  death  seemed  imminent, 
when  collapse  was  at  its  height,  she  gave  a  cry  of  anguish;  it  seemed  to  her  as 
though  something  were  taken  out  of  her  neck,  and  the  .scene  suddenly  changed. 
The  pulse  fell  to  7G,  l>ecame  large  and  full,  and  the  collapse  disappeared.** 

On  the  other  hand,  this  sudden  change  does  not  always  occur,  and  death 
sometimes  sujxrvenes  during  the  attack. 

The  venous  stasis  also  leads  t^)  albuminuria,  though  in  the  milder  attacks 
the  urine  may  be  increased  and  of  low  sfjecific  gravity. 

4.  The  fall  in  arterial  pressure  usually  brings  about  symptoms  of  cere- 
bral ana'mia;  weakness,  vertigo,  and  even  extreme  ner\'0usness  is  the  rule 
during  the  attacks,  accompanied  by  restlessness,  loss  of  appetite,  and  inability 
to  sleep.  Even  syncope  may  occur.  In  a  gentleman  whom  the  writer  ex- 
amined some  years  ago  these  syncopal  attacks  had  led  several  prominent 
physicians  to  diagnose  Adams-Stokes  syndrome;  when,  as  was  shown  by  the 
examination  and  subsequent  oljservation ,  the  cerebral  ana-mia  resulted  not 
from  bradycardia  but  from  tachycardia.  Fortunately,  these  attacks  have  a 
tendency  t<.)  ttecome  milder.  Dr.  Lyon  WTites,  three  years  after  the  first 
examination,  that  this  patient  '4s  now  able  to  play  cards,  go  fishing,  and  do 
almost  anything  in  a  quiet  way  during  attacks." 

PirYSlCAL   SIGNS. 

Physical  signs  are  absent  Ix'tween  attacks  of  paroxysmal  tachycardia. 
During  the  attacks  the  face  is  usually  pale,  the  expression  anxious,  the  pupils 


FlO.   ^Or. — Slightly   more  intense  stimulation.     Tanhyrardin,  with  quirkfnpd  rnniliiotion,  uutlualinff  the 
period  of  atiiiiulstion      Tiitip  in  *i>iond<. 

are  equal,  the  veins  of  the  neck  are  seen  to  be  engorgetl  anti  often  to  show  a 
positive  "single"  pulsation  accompan>ing  each  systole  (sometimes  due  to 
transitory  tricuspid  insufficiency),  p4^rhaps  due  to  the  feebleness  of  the  auric- 
ular contractions.  The  tumultutius  heart  action  is  often  seen  in  a  precordial 
heaving  and  wTll-marked  upex  Wat.  The  area  of  cardiac  diilness  is  rarely 
increased  except  toward  the  end  of  the  attack.  It  is  usually  unchanged  or 
decreased  m  .size,  corresponding  to  the  diminished  filling  of  the  ventricles. 
This  diminution  in  the  size  of  the  heart  duiing  an  attack  has  been  seen  with 
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the  fiuoroscope  by  Hoffmann,  Dietlen,  and  othe^rs,  and  it  can  be  demonstrated 
in  the  experimental  paroxysms.  Towards  the  end  of  severe  attacks  dilatation 
sets  in  from  cardiac  weakness. 

The  heart,  sounds  may  be  unchanged,  but  usually  become  short  and  some- 
what muffled.  There  is  often  embrj'ocardia.  It  is  very  common  to  hear  a 
soft  systolic  over  the  rijcht  ventricle  and  apex,  perhaps  due  to  a  mitral  or 
tricuspid  insufficiency  of  the  papitlarj'  type. 

Sometimes  the  cardiac  rhythm  is  irregular,  owing  to  inability  of  the 
ventricles  to  follow  all  the  impulses  from  the  sinus  and  auricles  or  to  the 
presence  of  extrasystoles.  The  liver  often  is  felt  to  be  enlarged,  and  often 
shows  a  systolic  pulsation  during  attacks  (tricuspid  insufficiency),  but  ascites 
rarely  occurs,    CEdema  of  the  ankles  and  feet  is  very  frequent. 

Case  op  Paboxtshai,  TAcmrcAaDiA. 

G.  D.  R.,  a  hotel-keeper  aged  72,  vftia  admitted  to  the  Johns  Hopkins  Hospital  on 
February  22,  1906,  oomplaining  of  palpitation  of  the  heart.  The  family  history  and  per- 
sonal history  were  negative.  The  pHtient  had  always  been  a  robust  man,  had  hud  no  infec- 
ttouB  discuses  and  no  other  cardiac  manifest atiotis. 

The  first  attack  of  palpitation  and  tachycardia  came  on  suddeiily  after  retiring  one 
evening  twenty  years  before  jtdmission.  It  caused  him  ^reat  fear,  but  no  pain.  The  attack 
laated  six  hours  and  left  him  weak  but  otherwise  wpH.  Attacks  similar  in  character  recurred 
once  a  month  until  the  winter  of  1905-1 9tHj.  when  they  became  more  severe  and  began  to 
occur  once  or  twice  a  week.  During  thi^  attacks  he  passed  large  amounts  of  urine.  He 
never  noticed  palpitation  lietween  tittack.H  of  tachycardia. 

Tht?  patient  was  a  large,  well-nourished  man  of  good  color.  His  pupils  were  equal  and 
reacted  well  lo  light  and  during  accouunudutiou. 


-.:^ 


CAROTID  PUE&SURE 

VOLUME  OF  VENTRICLES 

VENOUS  PRESSURE 

Fio.  80rf. — EMacmm  showing  th*  effect  of  a.  pmrowymm  of  UchyonrdiK  upon  the  circutaliun.     The  unrJer- 
Jine^J  portion  mdi<iate«  the  paroxytirii. 

The  thorax  was  rather  barrel-flhaped;  the  percussion  note  was  hyperrcsonnnt,  nnd  the 
breath-«ounds  were  clear,  though  distant.  The  cardiac  impmlae  wae  neither  seen  nor  felt, 
but  the  apex,  aa  made  out  by  percussion  and  auscultation,  wuus  situated  in  the  tifth  left 
interspace  1 1  cm,  from  t  he  nudlme.  The  cardiac  dulncss  extended  up  to  the  upper  lx>rder 
of  the  third  rib,  but  ixjuld  not  Ijc  made  out  to  the  right  of  the  sternum.  Tlie  sound"*  were 
distant,  but  clear.  The  pulse-rate  between  attacks  wiis  04  pt?r  minute.  It  wai*  usually 
regular  in  force  and  rhythm,  of  good  vohime  and  rather  liigh  tension;  the  blood-pressure 
ranged  from  165  to  190,  the  minimum  from  100  to  115. 

The  alxlomen  was  large  and  flabby,  with  conj^iderable  panniculua.  Liver  and  spleen 
were  not  palpable.  The  examination  waa  otherwise  negative.  The  venous  pulse  between 
attacks  was  usually  norm.ol. 

On  February  23  and  March  1  and  15  the  patient  had  atlacki?  of  tachycanlia,  in  which 
hi.*!  pulsc-iiile  rose  suddenly  from  80  to  88  per  nunute  to  a  height  of  144  to  IfK)  jx^r  tninute. 
The  attack  of  .March  lo  began  just  after  refuming  from  the  closet,  where  he  had  passt^  a 
wift,  fluid  stool.  Tracings  made  from  the  patient  during  this  att^ick  showed  what  is  probably 
a  ventricubir  type  of  venous  nuisc  during  the  attack,  \\lien  the  hitter  t^-aHwl,  however, 
the  pulse  resumed  thii  normal  auricuiar  type.  There  was  no  sign  of  auriculovcntricular 
bliKik.  Excitement  incident  to  being  shown  at  the  clinic  precipitated  a  sectjnd  attack  on 
March  l'),  which  was  not  relieved  by  the  application  of  an  ice-bag,  yawning,  deep  br(\^ thing, 
pressure  on  the  vagus,  in  front  of  the  sternocleidomastoid,  nor  by  administration  of  spiritua 
4rtheriB  nitroai.  amy!  nitrite,  or  digitalin.  Tfie  attack  ceasecf  spontaneously  within  an 
instant,  at  3.10  p.  m. 

On  Marcli  21  hi.s  pul.'«e  was  irregular,  due  to  the  presence  of  numerous  extrasystolefl 
with  shortened  conduction  time  (auriculo ventricular?).    These  subsided,  however,  leaving 
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his  pulse  regular.    On  March  24  his  pulse  remained  ut  7G  in  spite  of  the  nciuiinlstration  of 

2  mg.  atropine.     Even  rapid  walking  while  he  was  under  the  influence  of  the  atropine 
diid  not  bring  on  an  attack,  iior  did  the  admimstration  of  aniyl  nitrite  on  March  24. 

Clinical  Picture  of  Auricular  Flutter. — Cases  of  auricular  flutter  may 
present  the  clinical  picture  in  sjTiiptoms  and  signs  of  either  paroxysmal 
tachycardia,  auricular  fibrillation  or  heart-block,  dependent  upon  the  mamier 
in  which  the  ventricle  happens  to  respond  to  the  tachycardia  of  the  auricles. 
As  a  matter  of  fact,  all  three  types  occur,  often  two  of  them  occurring  iiii  the 
same  patient  at  different  stages  of  the  disease. 

The  following  case  is  tfiken  from  the  excellent  book  of  W,  T.  Ritchie 
("Auricular  Flutter/'  Green  and  Co.,  Edinburgh,  1914). 

The  patient,  aged  iiO,  had  no  antewdent  history  of  acute  rheumatism  or  valvular 
diaeaw,  but  for  several  yeare  he  had  been  subject  to  paroxysmal  attacks  of  tachycardia 
in  which  the  ventricle*  beat  irregularly  at  a  rate  of  about  158  per  minute;  and  there  had 
been  a  syncopal  seizure  on  one  occasion.  From  each  of  these  attacks  the  patient  had 
made  a  rapid  and  speedy  recovery  after  the  hciurt  had  regained  its  normul  rhythm.  The 
last  attack  of  flutter  l^egan  five  months  before  the  patient's  death.  Dyspiirra,  palpitation, 
Cheyne-Stoktw  breathing  and  insomnia  were  the  dominant  sympt«ma.  The  auricles  were 
beatjng  rhythmically  at  a  rate  of  3:i3-340  per  niinute.  The  aurieuiar  waves  in  the  jugular 
veins  were  of  large  size.  Metuiwhile  the  ventricular  rate  wftis  about  110  p(jr  minute,  and 
the  rhj'thm  was  notably  irregular,  for  although  the  auriculoventricuhir  ratio  was  often 

3  : 1,  it  frequently  varied  between  2:1,3:1,  and  4  :  1.    The  ventriclea  could  not  Ije  retarded 
by  compression  of  the  vagus  on  either  side. 

The  symptoinii  of  cardiiic  failure  becoming  more  urgent,  the  daily  dose  of  digitalis 
tincture  was  increased  to  1  draclim,  Four  daj-s  later  the  large  auricular  waves  disappeared 
from  the  jugular  veins,  the  venou-s  pulse  acquired  the  ventricular  form,  and  tlie  arterial 
pulse  became  wholly  irregular.  The  auricular  flutter  had  apparently  passed  into  filirillation. 
Subsequently  the  ventricles  became  dilated,  the  mitral  valve  incompetent,  imd  the  urine 
scanty  and  albuminous.  The  auricle.'^  iippurpully  remnined  in  fibrillation  for  three  and  a 
half  months.  Thereafter,  during  the  fortnight  preceding  the  fatal  isaue  imd  wliile  the  admin- 
istration of  digitalis  was  still  being  continued,  periods  olf  auricular  fibrillation,  with  ventricu- 
lar arrhythmia,  alternnt.t;d  with  others  iii  whicn  the  ventriclea  were  beating  rhythmically  at 
a  rate  of  (>4-S0  per  minute. 

DIAGNOSIS. 

In  the  cases  in  which  the  pulse-rate  is  above  160  per  minute  the  diagnosis 
rarely  pre^senta  any  difficulty,  for  the  tachycardias  of  simple  nervous  origin, 
on  the  one  hand,  and  those  of  organic  cardiac  disease  rarely  reach  that  height. 
But  in  the  border-line  cjtse  in  which  the  tachycardia  is  alxjut  140,  the  diag- 
nosis may  be  difficult.  The  crucial  point  in  the  dififercntiation  hes  in  the 
suddenness  of  the  change  of  rate,  and  for  this  it  is  important  to  have  observed 
the  beginning  and  the  end  of  an  atta<*k,  the  sudden  rise  to  maximum  rate 
within  a  few  seconds  indicating  idi<»pathic  par(»x\'smal  tachycardia,  while  a 
gradual  step-like  or  progressive  rise  indicate>i  a  simple  tachycartlia.  Thus, 
while  the  patient  G.  R.  exemplifies  the  idiopathic  condition,  the  following 
case  is  typical  of  the  simple  tachycardia. 

The  diagnosis  of  auricular  flutter  may  be  made  with  certainty  from  the 
electrocardiogram,  which  .shows  great  tachycardia  of  the  auricle  with  intervals 
between  the  P  waves  which  are  regular  in  form  and  uniform  in  spacing,  though 
the  intervals  between  the  R  waves  may  be  irregular  or  of  much  longer  dura- 
tion. The  P-R  interval  Is  usually  uniform  in  rlurution.  The  venous  pulse 
shows  numerous  A  waves  between  the  ventricular  C  waves  just  as  in  ordinary 
heart-block,  only  w\\\\  much  shorter  intervals.  As  these  wavelets  are  often 
visible,  it  is  sometimes  possible  to  make  the  diagnosis  of  auricular  flutter 
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from  a  simple  inspection  of  the  venous  pulse,  by  noting  the  great  discrepancy 
Ix'tween  the  auricular  rate  and  that  of  the  ventrieies.  These  wavelets  may 
bo  shown  much  more  di.stinctly  by  the  card  or  shadow  methods  described  on 
page  72,  or  the  corresponthng  suuntls  may  sometimes  be  heard  upon  placing 
the  stethoseope  bell  over  the  jugular  bulb  as  recommended  by  Josu^. 
All  the  mana'UVTes  in  raising  and  lowering  the  patient  in  order  to  bring  out 
the  wavelets  of  the  venous  pulsation  are  of  course  even  more  necessary 
for  the  diagnosis  of  auricular  flutter  than  for  the  coarser  pulsations  of  other 
conditions. 

TREATMENT, 

As  regards  the  treatment  of  paroxysmal  tachycardia  various  methods 
have  l)een  employed.  The  first  essential  is  to  put  the  patient  into  the  best 
possible  physical  condition,  to  treat  any  ancemia,  digestive  disturbance, 
constipation,  disturbance  of  vision,  heaving,  enteroptosis,  or  other  conditions 
which  may  bring  about  reflex  irritations;  to  stop  the  use  of  tea,  coffee,  tobacco, 
and  alcohol,  and  so  to  arrange  the  life  of  the  patient  as  to  do  away  with  mental 
excitement,  worrj',  over-exertion,  and  fatigue.  If  necessary,  a  "rest  cure" 
may  l>e  resorted  to.  These  measures  may  do  much  to  diminish  the  frequency 
of  the  attacks,  but  often  the  latter  do  not  disappear  altogether.  Small  doses 
of  digitalis  or  aconite  may  l>e  tried  in  the  interim  between  attacks,  in  the 
hopes  of  keeping  them  down  by  increasing  the  action  of  the  vagus ;  or  potassium 
bromide  or  valerian  may  be  given,  in  the  hope  of  quieting  the  ner\'0us  system; 
but  the  desired  result  is  only  occasionally  obtained. 

The  application  of  an  ice-bag  to  the  precordium  sometimes  relieves  the 
e^inptoms,  Imt  only  rarely  is  a  sufficient  cardiac  sedative  to  stop  an  attack. 

Exercise  for  Stopping  the  Attacks. —  Fairbrother  states  that  he  has  been 
able  to  stop  his  own  attacks  by  sudden  or  violent  exercise,  such  as  running 
or  jumping.  In  like  manner  a  yomig  physician  with  mitral  stenosis  who 
was  under  the  writer's  observation  suffered  from  paroxysms  whicfi  for  years 
resisted  treatment  with  rest,  digitalis,  strophanthin,  potassium  bromide, 
aconite,  pressure  on  the  vagus,  and  deep  breathing;  imt  they  have  disap- 
peared since  he  hjis  been  doing  hard  work  in  the  hospital.  Needless  to 
say,  such  exertions  in  a  layman  should  always  be  under  the  care  of  a 
physician. 

The  paroxysms  themselves  may  sometimes  be  stopped  by  various 
mechanical  methods  which  stimulate  the  vagi;  deep  inspirations  (Nothnagel), 
espreiatly  yawning,  "squeezing  arms  and  elbows  tightly  against  the  chest 
while  holding  breath  and  compressing  abdomen"  (Valsalva's  experiment  with 
elliows  compresst*d  against  chest)  (Hay),  swallowing,  es[iecially  of  ice-water, 
or  belching,  may  be  successful. 

Max  Herz  has  found  it  possible  to  suppress  many  troublesome  attacks 
in  his  patients  by  bringing  aUjut  lielohing  in  the  foilmving  manner:  T'he 
patient  is  made  to  sit  douTi,  fill  his  mouth  with  water,  Ijend  his  head  back- 
ward as  far  as  possible,  and  swallow.  This  not  only  brings  about  a  desire  to 
Iwlcli,  but  also  facilitates  the  eructation  of  a  large  amount  of  gas,  and  fre- 
tjuently  firings  the  attack  to  a  close.  Needless  to  say,  care  should  lye.  taken 
that  the  belching  does  not  pass  over  into  continuous  air  swallowing  and  that 
the  patient  does  not  acquire  this  pernicious  habit  (see  page  706). 


ALTERATIONS  IN  CARDIAC  RHYTHM. 


133 


I 
I 


When  tielching  fails  to  stop  the  attack,  voniitinR  may  be  resorted  to, 
and  frequently  proves  an  effectual  though  unpleasant  method.  Tickling  the 
phar^'nx  with  the  finger  is  usually  suffieient  t«  bring  it  about ,  esix-cially  after 
swallowing  some  water.    Emetics  need  not  be  used. 

Une  of  the  oklest  and  liest  procedures  {Benson,  1880)  is  pressure  upon 
the  vapus  just  to  the  left  of  the  thyroid  cartilage.  The  nerve  which  is  just 
behind  the  carotid  arter>'  is  pressed  verv"  firmly  against  the  vertebra?  and 
held  tightly  for  two  or  three  minutes.  In  a  considerable  number  of  cas>es 
this  stops  the  attack,  but  in  many  it  fails,  or  succeeds  for  a  moment  and 
then  the  t-achycardia  is  resumed  (Priesendorfer),  just  as  is  the  case  in  the 
experimental  auricular  fibrillation.  The  patient  should  never  do  this  for 
himself,  ns  it  sometimes  leads  to  heart-block  with  fainting  and  convulsions 
(see  page  579). 

To  quiet  the  attack  after  its  onset  drugs  are  of  little  avail.  Morphine, 
bromides,  etc.,  and  other  sedatives  may  diminish  the  intensity  of  the  symp- 
toms, but  do  not  slow  the  heart-rate.  The  administration  of  a  few  whiffa 
of  chloroform,  of  amy]  nitrite,  nitroglycerin,  Hoffmann's  anodyne,  strj^chnine, 
digitalis  and  its  derivatives  (digitalin,  digalen)  is  without  effect.  Aconite 
also,  though  the  best  stimulant  for  the  vagus,  was  without  clinical  effect  in 
the  one  case  in  which  the  writer  used  it,  and  has  proved  equally  unsatis- 
factory in  tlie  hantis  of  others. 

Digitalis  and  its  derivatives  are  usually  without  effect.  Though  large 
doses  of  strophanthin  sometimes  stop  auricular  fibrillation  in  animals,  intra- 
venous injection  of  strophanthin  has  not  given  satisfactory  results  in  three 
c^ses  of  parox>'smaI  tachycardia  to  whom  it  was  administered  in  the  Johns 
Hopkins  Hospital.  In  cases  of  auricular  flutter  digitalis  is  of  little  avail  for 
the  flutter  itself,  but  digitalis  in  large  doses  tends  to  increase  the  irritability 
of  the  heart  muscle  and  by  this  means  it  sometimes  helps  to  convert  auricular 
flutter  into  auricular  fibrillation.  After  this  transformation  has  set  in  the 
digitalis  may  then  be  pushed  further  to  bring  about  slowing  of  the  ventricular 
rate  by  inducing  block  at  the  His  bundle.  This  is  a  rather  desperate  pro- 
cedure, for  it  leads  to  the  production  of  a  condition  which  in  itself  reprcsenta 
a  higher  degree  of  functional  disturbance  than  the  original  condition  for  which 
treatment  was  begun,  but  in  cases  in  which  the  tachycardia  is  leading  to  heart 
failure  it  may  become  the  last  resort. 

It  has  been  seen  that  cases  of  paroxysmal  tachycardia  do  not  respond 
well  to  the  administration  of  digitalis  because  the  stimulation  of  the  vagi 
produced  by  the  latter  is  not  strong  enough  to  quiet  the  excited  auricles  nor 
to  block  the  impulses  which  they  send  across  the  His  bundle.  On  the  other 
hand,  digitalis  acts  well  in  auricular  fibrillation  when  the  feeble  impulses  are 
easily  blocked.  Hirschfelder  htis  shown  t  hat  the  effectiveness  of  digitalis  in  this 
condition  depends  upon  the  intensity  of  the  impulses  coming  down  from  the 
auricles. 

However,  when  the  results  of  all  methods  of  treatment  have  been  taken  into 

I  account,  one  is  inclined  to  share  the  feelings  expressed  by  Mackenzie  when  he 
wrote:  **  In  my  early  days  I,  too.  thought  I  knew  how  to  stop  attacks,  but  more 
extended  experience  has  shown  me  that  when  they  stopped  it  wjis  from  some 
cause  unknown  to  me  and  which  was  independent  of  any  means  I  employed," 
It  Mil 
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DIFFERENTIAL  DIAGNOSIS  OF  ARRHYTHMIAS  BY  ORDINARY  PHYSICAL 

EXAMINATION. 

Inspection  of  the  Venous  Pulse. — A  quite  accurate  functional  analysis 
of  arrhythmias  is  possible  by  simple  inspection  of  the  venous  puke.    For  a 

satisfactory  examination  of  the  venous  pulse  it  is  necessary  first  of  all  to  place 
the  patient  in  such  a  jxjsition  that  a  gootl  visible  pulsiition  is  pre.'^ient,  the 
normal  venous  pulse  is  not  a  true  expansile  pulsation  like  the  carotid  pube, 
but  is  determined  by  a  series  of  collapses  and  fillings  of  the  vein.  The  vein 
collapses  when  the  pressure  within  it  is  less  than  atmospheric,  f.e,,  the  pres- 
sure upon  its  wallsj  namely^  atmospheric  pressure;  it  fills  when  the  pressure 
within  it  is  greater  than  atmospheric;  when  it  Ls  constantly  below  atmos- 
pheric pressure  the  vein  remains  empty;  when  it  is  constantly  above  it  the 
vein  remains  fulL  The  vein  alternately  collai>scs  and  expands  and  gives  a 
good  pulsation  when  the  mean  pressure  is  about  zero»  and  in  order  to  maintain 
the  mean  pressure  at  zero  it  may  be  necessary  in  some  causes  to  make  the 
patients  sit  up,  in  other  cases  to  cause  them  to  lie  flat  and  even  to  elevate 
the  feet. 

'*  Having  obtained  a  pulsation  which  is  easily  seen  in  the  right  jugular 
fossa  the  next  step  is  the  insi>ection  of  the  pulsation.  In  order  to  do  this 
with  ease  and  accuracy  we  may  avail  ourselves  of  some  of  the  weil-knowTi 
principles  of  physiological  psychology.  It  is  well-known  that  if  we  appre- 
ciate? light  objects  most  readily  when  they  are  contrajsted  with  n  dark  back- 
ground or  a  shadow,  that  we  appreciate  the  movement  of  an  object  best  when 
it  is  contrasted  with  a  fixed  point,  and  that  we  recognize  the  amount  of  any 
change  in  \'isual,  auditory  or  tactual  sensation  but  when  the  amount  of  the 
change  represents  a  considerable  fraction  of  the  original  impression. 

^'  We  recognize  a  change  in  weight  from  5  to  10  Gm.  Ijetter  than  a  change 
from  20  to  25  Gra.  We  recognize  a  change  in  length  of  a  band  from  five  to 
ten  millimetres  better  than  that  of  another  changing  from  twenty  to  twenty- 
five.  It  is  impossible  to  make  use  of  all  these  principles  of  psychology  in  the 
study  of  the  venous  pulse  by  merely  holding  up  a  bit  of  card  next  to  the  jujiular 
vein,  as  shown  in  Plate  XIII,  so  that  both  the  card  and  the  skincontrasteharply 
against  the  dark  shadow  lx?tween  them,  and  it  is  iwssible  to  hold  the  card  in 
such 'a  way  that  this  band  of  shadow  becomes  narrowed  to  two  or  three  milli- 
metres as  the  vein  fills  and  widens  to  four  to  six  millimetres  a^  it  collapses; 
so  that  the  visual  impression  of  the  width  of  the  shadow  is  alt^'rnately  doubled 
and  halved.  Or  the  card  may  be  held  in  such  a  way  that  the  shadow  is  just 
obliterated  when  the  vein  is  full  and  appears  as  a  \^ide  slit  when  the  vein 
collapses ;  and  then  the  impression  is  one  of  a  scries  of  flaishes  interrupted  by 
shadows  like  the  dots  and  dashes  of  a  Morse  code.  In  accordance  with  the 
laws  of  psychology  these  impressions  are  much  easier  to  time  than  is  the 
simple  movement  of  one  area  of  skin  against  another  area  of  white  skin  as  a 
background,  and  a  greater  accuracy  of  diagnosis  is  therefore  possible  by  this 
method. 

**  Characteristics  of  Venous  Pulsations. — Viewed  in  this  way  the  normal 
or  'double*  venous  pulse  appears  a.s  a  double  flash  accompanjing  each  beat 
of  the  heart  or  pulsation  in  the  carotid  artery,  interrupted  by  shadows  of 
perfectly  regular  duration. 

**  A  sinus  arrhythmia  may  in  most  cases  be  diagnosed  by  the  fact  that  it 
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is  usually  composed  of  a  series  of  2-4  short  beats,  each  with  a  '  double' 
venous  pulse,  alternating  with  a  series  of  2^  long  ones,  also  with  '  double ' 
pulsittions. 

''  The  venous  pulse  is  either  absent  or  normal  in  appearance:  and  the  veins 
of  the  neck  are  usually  rather  empty,  often  barely  discernible,  and  there  is 
little  or  no  irregularity  in  force,  discernible  to  the  palpating  finger  or  made 
out  by  the  dropping  of  a  few  of  the  beats  as  the  prtissure  is  raised  in  a  blood- 
pressure  cuff  upon  the  arm.  Moreover,  in  most  cases  they  iire  ai'centuated 
in  deep  inspiration  or  in  deep  expiration,  but  disiippear  wh**n  the  breath  is 
held.  The  serial  character  of  the  l>eat8  is  made  out  better  in  listening  over 
the  heart  than  in  palpation  at  the  wrist." 

In  the  irregularities  due  to  pericardial  adhesions  (pulsus  paradoxus  and 
Riegel's  pulse)  there  may  Ix*  inegularity  in  force  and  not  in  rhythm,  the 
veins  of  the  neck  dilate  in  one  or  the  other  phase  of  respiration,  and  this 
corresponds  to  the  period  when  the  pulse  is  smaller  or  entirely  absent. 

"A  pulsus  alternans  nu*y  be  diagnosed  when,  without  irregularity 
in  rhythm,  there  is  irregularity  in  force  and  the  alternate  beats  are  found  to 
be  weaker,  and  the  l>eats  felt  at  the  wrist  fall  to  exactly  half  the  original  rate 
and  remain  regular  when  the  artery  is  gradually  compressed  above  the  wTist 
with  the  finger  or  by  means  of  a  blood-pressure  cuff  on  the  upper  arm.  The 
rate  of  the  be^ts  still  felt  remains  regular.  Here,  again,  care  must  be  taken 
to  exclude  a  dicrotic  pulse.  The  latter  will  usually  distippear  while  the  arm 
is  allowed  to  hang  down  perpendicularly  at  the  side.  In  the  dicrotic  pulse 
the  sounds  heard  over  the  heart  are  half  as  frequent  as  the  impulses  felt  at 
the  wrist." 

'*  When  extrasystoles  are  present  we  find  a  pair  or  trio  of  beats  at 
the  WTist  followed  by  a  long  compensator}'  pause,  whereajs  over  the  jugular 
we  can  distinguish  clearly  between  auricular  and  ventricular  extrasystoles."  ^ 

The  heart  sounds  come  in  groups — lub,  dub,  tut,  up  (1,  2,  3,  4:  pause) 
(1,  2,  3,  4,  5,  G;  pause) — of  sounds  of  approximately  equal  loudness,  never 
that  of  the  distant  ticking  eharaeter  of  the  auricular  or  third  heart  sounds. 

They  are  as  loud  and  distinct  for  the  extra.sy stoles  as  for  the  normal 
beat,  but  the  former  are  occasionally  accompanied  by  systolic  nmrnmrs  even 
though  there  are  none  accompanying  the  regular  beats. 

When  the  extrasystoles  are  too  weak  to  open  the  aortic  valves,  a  dis- 
crepancy will  be  noted  between  the  number  of  beats  over  the  heart  and  the 
luunher  i»f  beats  felt  at  the  wrist  or  over  the  carotids,  and  the  missed  beat 
will  Ix*  accompanied  by  only  one  heart  sound  instead  of  two,  for  the  second 
sound,  ordinarily  <tue  t<»  clo.'*ure  of  the  aortic  valve,  drops  out.  The  groups 
of  sounds  will  therefore  be  (I,  2,  3:  paus<»;  1,  2,  3,  4,  5:  pau.se,  etc.). 

"  The  auricular  extras>'stoles  appear  as  pairs  of  waves  occurring  early  but 
otherwi.se  exactly  like  the  pulsation  for  the  normal  beats,  white  the  ventricular 
extra.s}'stoles  are  readily  distinguished  as  large  long  waves  which  fret^uently 
run  from  the  jugular  fossa  along  the  course  of  the  external  jugular  vein  across 
the  sternocleidomastoid  muscle,  giving  the  largest  and  most  characteristic 
pulsation  that  one  encounters.  If  the  extrasystoles  il  i  m  i  n  i  s  h 
or  disappear  under  exercise  they  arc  of  little  prog- 


Quoted  from  A.  D.  Htrschfelder  Vii^inia  Medical  Serni-Monthly,  1914,  xviii,  576. 
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n  o  s  t  i  c  s  i  g  n  i  f  i  c  a  n  n  e  ;  but  if  they  are  increased  in  oumber  by  exerc 
they  rnay  he  regarderl  iis  inflirations  of  an  overlojided  heart  and  may  te  coni^ 
8tdered  as  an  early  .sign  of  canliac  weakness.  Occasionally,  as  in  one  of  the 
patients  to  be  mentioned  later,  one  may  encounter  a  third  heart  sound  that 
is  loud  and  sharjj — the  sounds  accompanying  normal  teats,  though  wlien  they 
are  t<^)o  weak  to  open  the  aortic  valves  only  one  sound  may  be  heard  with  the 
extra  l>eat  instead  of  two.  Occasionally  as  in  one  of  the  cases  to  be  nientitmed 
again  in  connection  with  heart-block,  one  raiiy  encounter  a  third  heart,  sfjund 
so  loud  and  sharp  that  it  might  Itc  mistaken  for  one  of  these  ineffectual  extra- 
systoles  which  does  not  opien  the  aortic  valves.  The  latter  can  be  readily 
excluded^  however,  by  the  fact  that  the  third  heart  sound  is  not  usually  heard 
over  the  entire  precordium,  while  the  sound  of  an  extni-systole  is  as  well  heard 
everj-where  over  the  heart  as  the  sounds  of  the  nonnal  beats.  It  may,  more- 
over, be  differentiated  by  the  fact  that  the  third  sound  is  accompanied  by 
only  a  single  smalt  wave  ufXfn  the  jugular  pulse,  while  the  auricular  extra- 
systoles  are  accompanied  by  a  double  wave  and  the  ventricular  extrasystoles 
are  accompanied  by  the  single  large  characteristic  wave.  In  the  case  men- 
tioned, the  electrocardiogram  showed  that  there  wa,s  a  third  heart  sound. 

''In  auricular  fibrillation  one  often  finds  full  veins  and  a  high  venous 
pressure  so  that  the  patient  may  have  to  sit  up  in  order  to  obtain  a  good 
venous  pulsation,  this  pulsation  is  single  in  character,  that  is,  beat  for  each 
beat  in  the  carotid,  but  there  is  no  regular  pairing  or  trebling  of  the  beats 
and  the  rhythm  is  absolutely  free  from  definite  sequence.  The  waves  are 
usually  smaller  than  those  of  ventricular  extrasystoles,  so  that  it  is  often 
possible  to  diagnose  the  latter  even  in  the  presence  of  auricular  fibrillation 
from  the  interpolation  of  occasional  waves  which,  though  much  larger  than 
the  rest,  are  not  preceded  by  a  long  pause.  The  venous  pulsation  of  auricular 
fibrillation  may  be  differentiated  from  that  of  tricuspid  insufficieney  by  the 
fact  that  the  latter  is  often  accompanied  by  a  regular  pulse,  but  some  cas(^ 
of  extrasystoles  accompanied  by  a  tricuspid  insufficiency  are  particularly  hard 
to  differentiate  from  auricular  fibrillation.  This  can  \m  done,  however,  by 
paying  attention  to  the  interspersing  of  pairs  or  trios  of  beats  in  the  midst  of 
regular  series,  and  the  feasibility  of  this  diagnosis  is  best  shown  by  the  fact 
that  it  was  made  correctly  in  a  number  of  cases  by  our  third  year  students. 
Auricular  flutter  with  an  irregular  pulse  can  sometimes  be  differ- 
entiated from  auricular  fibrillation  by  the  presence  of  a  very  fine  tremulous- 
ness  or  series  of  verj'  rapid  small  undulations  over  the  vein  during  diastole. 

"  Auriculo ventricular  extrasystoles  cannot  be  differentiated  from  ventric- 
ular extrasystoles  by  simple  inspection,  as  both  give  rise  to  large  waves,  but 
the  ventricular  forms  are  so  much  more  frequent  in  the  more  common  condi- 
tions of  circulatory  or  gastrointestinal  diaturlmnces,  while  the  auriculo- 
ventricuEar  are  most  liable  to  be  met  with  between  the  attacks  of  paroxysmal 
tachycardia, 

"  Differences  between  right  and  left  ventricular  extrasystoles  cannot  be 
made  out;  but  the  site  may  be  9us[>ected  in  many  cases  from  a  knowledge 
of  the  conditions  within  the  circulation,  for  the  extrjusystole  usually  arises 
in  the  ventricle  which  is  most  heavily  over-worked.  Thus,  in  aortic  disease 
and  high  blood-pressure  they  are  most  likely  to  arise  in  the  left  ventricle;  in 
mitral  disease  and  broken  pulmonary  compensation  they  are  most  likely  to 
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in  the  right.  It  mu.st  always  be  borne  in  mind,  however,  that  this  rule 
is  far  from  absolute,  for  local  impairment  in  coronary  circulation  may  entirely 
reverse  the  coutlitions. 

''  The  most  interesting  condition  for  ph^^sical  diagnosis  has  been  the  condi- 
tion of  h  e  a  r  t  -  b  I  o  c  k  . 

**  The  existence  of  heart^block  can  always  be  suspected  when  the  pulse- 
rate  is  below  42.  The  diagnosis  can  frecjuently  be  made  from  the  presence  of 
more  than  two  pulsations  over  the  jugular  vein  for  each  beat  in  the  carotid, 
and  by  hearing  from  one  to  three  low  ticking  auricular  somids  over  the  heart 
in  diastole.  Very  often  this  finding  may  be  corrobi>rated  by  the  presence  of 
a  corresponding  numl>er  of  very  slight  shocks  or  Iwats  just  iliscemible  upon 
the  radJiU  pulije  between  the  big  beats  when  the  artery  is  ver%'  lightly  palpated. 

"8tokea,in  his  famous  report  in  1846, stated  that  hew^iusabie  todistinguish 
in  the  pausej^  Ijetween  the  large  beats  in  the  jugular  and  the  loud  sounds  over 
the  heart  small  waves  and  distant  sounds  which  we  now  know  were  due  to  the 
contractions  of  the  auricle-  By  this  observation  Stokes  possessed  all  the  data 
necessar}'  ttt-day  for  the  complete  functional  diagnosis  of  heart-block  with  the 
ditierentiation  between  partial  and  complete  block.  If  he  had  noticed  that 
in  spite  of  the  reguhirity  of  the  large  or  ventricular  beats  the  number  of  small 
waves  over  the  jugular  and  the  number  of  soft  sounds  over  the  heart  varied 
in  successive  diastoles,  he  could,  without  hesitation,  have  made  the  diagnosis 
of  complete  heart'-block.  If,  however,  the  numlwr  of  wavelets  and  of  auricular 
sounds  remained  constfint  during  ten  or  more  successive  diastoles,  he  could 
have  diagnosed  partial  heart-block, 

"  In  hstcning  for  the  sounds  produced  by  the  contracting  auricle  it  is 
important  to  rest  the  bell  of  the  stethoscope  as  lightly  as  possible  upon  the 
chest  wall.  They  are  best  heard  at  the  apex  or  over  the  triciLsptd  area.  If 
one  bear  in  mind  the  fact  that  one  or,  with  very  fast  beating  auricles,  two 
beat£  of  the  auricle  can  be  concealed  by  the  extraction  of  the  ventricle  it  may 
be  possible  to  state  exactly  the  degree  of  block,  whether  two  to  one,  three  to 
one,  or  four  to  one. 

"  We  have  encountered  a  number  of  cases,  however^  which  show  plainly 
the  pitfalls  t<j  be  avoided  in  the  diagnosis  of  heart-block.  The  most  common 
of  these  is  found  in  many  of  the  medical  students  taking  the  laboratory  work 
in  physiology — ^>'oung  athletes  of  twenty  to  twenty-five,  whose  pulse  rates 
upon  lying  down  after  dinner  while  their  comrades  apply  the  i^oiygraph  fall 
about  forty-five  per  minute.  Coincident  with  this  there  is  seen  an  extra 
wave  (the  h  wave  of  Hirschfelder,  b  wave  of  A.  G.  Clibson),  up<jn  the  venous 
pulse,  and  a  distant  ticking  scmnd  exactly  like  the  auricular  sound  in  heart- 
block  is  heard  over  the  heart.  This  is  merely  the  normal  third  heart  sound, 
whose  frequent  occurrence  has  been  so  well  described  by  Thayer.  Heart- 
block  can  be  excluded  by  simply  cau.sing  the  subject  to  make  a  few  swift 
arm  movements,  which  will  accelerate  his  pulse  and  cause  the  tliird  heart 
sound  and  the  h  wave  to  disappear  at  once,  but  will  leave  a  partial  heart- 
block  unafTecte<l  or  increased  in  degree.  During  the  current  year  we  encount- 
ered one  patient  with  a  heart  rate  of  44  per  minute;  in  spite  of  the  most  careful 
observation  at  the  time  of  atlmi.ssion  we  were  unable  t^  make  out  more  than 
one  sound  and  that  a  well-defined  third  sound  during  diastole.  The  next  day, 
however,  after  rest  in  bed,  the  ventricular  rate  had  faUeu  a  little  and  in  about 
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every  seventh  diastole  two  distant  ticking  sounds  could  be  made  out  and  the 
diagnosis  of  complete  heart-block  l>ecanic  possible.  On  the  other  hand,  in  a 
patient  with  mitral  stenosis,  there  wa-g  never  more  than  one  wavelet  between 
beat^,  and  her  ventricular  rate  was  often  paired.  Corresponding  to  this  the 
venous?  pulse  was  sometimes  double  and  sometimes  single.  The  most  likely 
diagnosis  in  this  case  seemed  to  be  extrasystoles  sometimes  auricular  and 
sometimes  ventricular,  a  disturbance  which  electrocardiograpliic  studies  have 
shown  to  be  of  very  common  occurrence. 

"  In  this  case,  however,  the  electrocardiograph  showed  us  that  we  were 
dealing  with  a  complete  heart-block  in  which  the  rate  of  the  ventricle  was 
almost  the  same  as  that  of  the  auricle,  so  that  at  the  time  of  the  single  pulsa- 
tion the  auricle  was  contracting  during  ventricular  systole.  This  condition 
could  scarcely  be  made  out  liy  simple  methods  and  might  have  caused  some 
difficulty  upon  a  venous  tracing.  Had  we  suspected  the  heart-block,  however, 
we  might  have  obtained  more  satisfactory  data  I  y  accelerating  pulse  rate 
with  exercise.  The  sounds  of  extrasystoles  which  frequently  occur  in  the 
course  of  heart-block  should  not  be  confused  with  those  due  to  the  auricular 
systoles,  l)ecause,  as  is  well  known,  the  former  are  as  loud  as  the  sounds  of  the 
normal  beats  and  are  therefore  five  or  six  times  as  loud  as  the  sounds  of  the 
auricular  contractions.  This  is  well  shown  in  a  tracing  (Plate  XIII.  Fig.  10) 
taken  with  a  Lilienstein  cardiophone.  The  ventricular  sounds  are  shown  as 
1  and  2;  the  auricular  are  lettered  a.  Even  when  the  extrasystole  is  so  feeble 
that  it  does  not  open  the  aortic  valves  and  therefore  causes  no  puLse  wave 
and  gives  rise  to  only  a  single  heart,  sound,  its  loudness  should  differentiate 
it  readily  from  the  auricular  sounds,  and  the  presence  of  the  large  character- 
istic wave  upon  the  jugular  pulse  should  certainly  do  so. 

*'  These  represent  a  few  of  the  conditions  in  which  fairly  accurate  observa- 
tions and  trustworthy  inferences  can  be  made  by  the  ordinary  methods  with- 
out recourse  to  elaborate  apparatus,  though  it  is  dej^irable  to  control  them 
with  the  latter  wherever  poasible.  However,  the  functional  analysis  of  cardiac 
arrhjithmias  is  one  which  can  in  most  cases  Ije  made  by  the  general  practitioner 
almost  as  accurately  as  can  the  diagnosis  of  valvular  lesions,  and  it  should 
be  taught  to  the  student  along  with  the  latter  in  the  routine  courses  of  physical 
diagnosis." 
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VI. 
X-RAY  EXAMINATION. 

The  discovery  of  the  X-rays  by  Rontgen  in  1^95  introduced  a  nevr 
era  in  cardiac  diagnosis.  By  this  means  we  can  now  actually  see  the  he«krt> 
observe  its  outlines  with  accuracy,  and  note  the  changes  of  position  and 
of  contour  with  different  phases  of  respiration,  and  even  to  a  certain  exlett 
the  changes  from  systole  to  diastole.  All  these  data,  when  obtained  with 
proper  precautions,  are  absolutely  accurate,  and  have  greatly  supplemented 
the  observations  made  by  percussion.' 

METHODS    OF    EXAMINATION. 

Most  of  the  facta  desired  in  the  study  of  the  circulatorj'  system  with  1 
the  X-ray  may  be  gained  by  means  of  inspection  with  the  f  I  uoroscope, 
a  screen  of  barium  platinocyanide  or  calcium  tungstate  which  is  rendered  I 
luminous  wherever  the  X-rays  strike  it. 

A  tube  of  low  vacuum  ("soft  tube")  should  be  used,  one 
which  shows  the  bones  of  the  hand  black  without  re- 
vealing their  internal  structure,  and  the  tissues  of  the  hand  a 
fairly  dark  gray.  The  patient's  chest  wall  should  be  at  least  50  cm.  from 
the  screen.  Recently  the  usual  distance  has  been  increased  to  2  M.  (6i 
ft.),  at  which  the  rays  are  almost  parallel. 

It  b  sometimes  best  to  interpoee  a  lead  screen,  with  adjustable  opening,  between  the 
patient  aud  the  tube  in  order  to  cut  off  all  the  rays  except  thotse  emauatiiig  from  a  small 
part  of  the  anticathode,  thereby  securing  the  greatest  possible  definitinn  of  focus.  Inde<cd, 
Immelmann  found  jp^reatest  definition  when  the  opening  in  the  lead  screen  was  only  1  cm. 
Often  a  lead  cylinder  (Albera-Schoenbergj  b  very  satisfactory.  It  is  also  important  that 
no  large  objects  be  piiiced  near  the  cathode,  as  rays  striking  these  may  also  generate 
w-condary  rays  which  affect  the  fluoroecope  or  photographic  plate  and  thus  blur  the  outlim 
of  the  original  image  (Walter).  For  securing  sharp  ima^eea  it  is  preferable  to  keep  a 
■umber  of  tubes  with  vacua  of  difiFerent  degrees  which  may  be  interchanged,  rather  than 
change  the  vacuum  in  each  tu!>e.  Changing  the  latter  shortens  the  life  of  the  tube  by 
heating  the  platinum  target  and  causing  the  latter  ultimately  to  become  bent,  so  that  the 
rays  are  not  reflected  uniformSy  from  its  surface. 

The  X-ray  image  is  a  true  shadow  formed  by  the  cutting  off  of  rays 
and  not  by  their  refraction,  and  the  shadow  is  magnified  in  proportion  as 
the  object  is  nearer  to  the  tube  or  farther  from  the  fluoroscopic  screen. 


*  Examinations  with  the  X-ray  require  a  very  special  technic,  for  which  the  student 
is  advised  to  consult  the  special  text-books  upon  the  subject,  especially : 

Alb«rs-Schoenberg:  Die  ROntgentcchmk,  Hamburg,  1906. 

Gocht,  H.:  Handbuch  der  Rontgenlehre  zum  Gebrauche  fiir  Mediriner,  2te  Aufl., 
Stuttgart,   1903. 

Williams,  F.  H.r  The  Rontgen  Rays  in  Medicine  and  Su^aiery,  New  York,  1903. 

Beck,  C:  Rontgen -ray  Diagnosis  and  Therapy. 

Kassabian:  Rontgen  Rays  and  ElectroTherapeutics,  Phila.,  1909. 
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In  fluoroscopic  examination  it  ia  most  important  for  tlie  observer  to  accustom  hia 
eyes  to  the  darkness  before  turning  on  the  current.  It  is  a  well-proved  physiological  fact 
that  the  longer  the  sojourn  in  darkness  the  greater  the  delicacy  of  vision.  Hence  the  eJiarai- 
ner's  vision  is  improved  by  closing  or  blindfolding  his  eyes  or  by  going  into  a  dark  room 
some  ten  or  fifteen  minutes  before  the  patient;  and  the  examining  room  shotdd  be  lighted 
only  enough  to  permit  the  patient  to  undress  and  assume  the  proper  position.  The  exami- 
ner may  also  keep  his  head  imder  a  dark  hood  or  wear  heavily  smoked  glasses  during  this 
time  so  as  to  accustom  his  eyes  to  the  darkness. 

In  looking  over  the  areas  of  light  and  shadows  each  region  should  be 
studied  carefully  and  in  detail,  the  size  and  shape  of  the  shadow,  the  clear- 
ness of  the  outline,  and  the  distribution  of  areas  of  half  shadows  as  well  as 
of  full  shadows.  Not  of  least  importanL-e  are  the  so-called  pulmonary 
figures,  the  half-tone  shadows  of  pulmonary  vessels,  of  bronchial  glands, 
and  of  strands  of  adhesions.'  Not  only  the  full  shadows  but  especially 
these  half  shadows  should  be  examined  with  care,  for  an  interpretation 
not  apparent  at  first  may  become  clear  after  a  few  minutes'  observation. 

Radiographers  are,  moreover,  in  the  habit  of  looking  at  the  tluorrtscot)e  tlirough  half- 
closed  eyes  in  order  to  intensify  the  contrast.  This  may  be  further  intensified  by  the  use 
of  dark  glasses.  The  writer  has  also  found  it  very  useful  to  look  at  the  shadow  or  skiagraph 
through  a  biconcave  lens  which  at  once  sharpens  the  contours  and  intensifies  the  contrasts. 

Often  an  area  may  be  indefinite  during  quiet  breath- 
ing or  expiration  and  become  quite  definite  on  forced 
deep  inspiration,  or  it  may  become  80  hy  simply  turning 
the  patient  so  that  the  rays  pass  through  his  body  in 
a  different  direction.  These  and  similar  precautions,  like  a  care- 
ful physical  examination,  reveal  the 
unsuspected,  and  distinguish  the 
skilled  examiner  from  the  unskilled. 

The  Cardiac  Shadow.— The  heart 
shadow  thrown  upon  a  screen  at  the 
front  of  the  chest  is  shown  in  Fig.SIa. 
It  will  be  noted  that  the  outline  of 
the  shadow  closely  resembles  the 
area  of  relative  dulne.ss  on  percus- 
sion, except  that  the  former  extends 
upward  over  the  manubrium  sterni, 
where  it  is  due  to  the  presence  of 
the  latter  and  of.  the  great  vessels 
and  not  of  the  heart.  In  the  ts  e  c  o  n  d 
left  interspace  the  shadow 
of  the  pulmonary  artery  is  seen,  and  in  the  second  right 
that  of  the  aorta.  Occasionally  a  small  prominence  is  seen  to  the  left 
of  the  sternum  arising  at  the  arch  of  the  aorta.  This  is  sometimes  mistaken 
for  an  aneurism,  but  if  the  patient  be  luiiicd  a  little  it  will  be  seen  to  be 
due  to  the   curving  of   the  aorta  ( llolzkuecht). 

Oblique  illuminations,— Much  can  be  learned  by  turning  the  patient 
about  and  examining  him  in  several  planes,  as  was  first  performed 
by  V.  Criegern  and  Holzknecht  (1.  0.),  and  later  by  Rieder,  who  .suggested  the 


Fio.  81— TlBi1ioi{raph  of  normml  *>li<*st.  (,\n«r 
V.  Zietnmiien  and  Rioder.)  Tube  Iwhind  tbccUist 
pist«  in  front. 
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^  See  chapter  on  Adherent  Pericardium. 
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Pio.  81«.— X-ray  flbftdowa  in  different  »xea  o(  the  IxHly.  (Modified  from  Holxknecht.)  Tfc» 
Kirown  show  the  direction  of  illuminatioa  &od  position  of  the  tut>e  corresponding  to  the  sihAdoir. 
AO.  aorU;  PA.  pulmoniiry  artery;  LA.  left  auricle;  RA.  right  auricle;  LV .  left  ventricle;  RV.  rigliV 
ventricle.    In  3  there  ia  a  metal  »ouad  in  the  oesopbaffus. 

By  the  examination  in  these  planes  every  part  of  the  heart  can  be 
brought  into  view,  even  the  left  auricle,  which  escapes  observation  in  almost 
all  other  methods  of  examination  but  appears  quite  clearly  when  the  tube 
is  placed  at  the  back  or  behind  the  ri^ht  scapula.  The  oblique  and  trans- 
verse examinations  should  never  be  omitted. 


Flo,  82,-^A  simple  form   of   orthodiagreph. 
(Aft*r  GiUet.) 

In  the  orthmiiiiKniiph  the  fluorescent  screen  an«l  X-rny  tul>e  are  fixe<I  uixjn  each  arm 
of  a  iarfie  f'-sliaped  frame  in  Huefi  a  way  that  the  patient  may  stand  or  lie  between  the 
two  arnjs  of  the  U  and  tlie  rays  thus 
pasa  throuph  his  bo<ly  to  the  screen. 
At  the  point  upon  the  screen  which  is 
exactly  op[X)site  to  tlie  centre  of  the 
anticatlMHle  or  tarjtet  of  the  tutje,  a 
«nuilJ  hole  is  piercetl,  and  a  Hkin  pencil 
is  fixe<l  in  |)lace  here  so  that  the  «iteof 
this  s^K^t  can  i^e  rnarkecl  u|>on  the  IxKly 
of  the  patient.  The  whole  t'-shaped 
frame  bearing  the  tiiUe  and  fluoroseoj>e 
is  movfthle  in  two  directions  l.>y  any 
one  of  a  variety  of  mechanisms,  so  that 
the  periK'ntlicuIar  ray  can  l>e  Ijrou^l 
opfiosile  any  dt^ired  point.  A  series  of 
points  corresponding  to  the  exact  con- 
tour can  thus  be  marked  off,  and  when 
these  are  joined  with  lines  the  exact 
outline  of  the  heart  is  repre- 
sented. As  shown  by  Fi^.  83,  this 
furnishes  a  means  of  dctemjining  the 
size  of  the  heart  or  any  organ  with 
absolute  accurucy. 

The  outlines  and  mobility  of  the  heart  thus  obtained  are  discussed 
on  page  160. 

It  is  also  possible  with  the  fiuoroscope  to  watch  the  individual  con- 
tractions of  the  heart  and  to  note  the  changes  in  size  due  to  systole  and 


Fio.  H4. — Clrfhf:Hli.nKrai)liic  outline  of  normal  hrari, 
showing  Moritr'a  conjugate^.  MR,  mirllioe  ui  right 
bonier  (grcate**!  cii!>Uince>;  AfL,  midline  %o  left  bonier; 
L,  oblique  loniritudiiul;  Q,  tnaw«ne;  uuraend*  indi- 
cate centimetre:). 


im 
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diastole,  but  this  is  very  difficult  and  can  rarely  be  done  with  satisfactory 
accuracy.    On  the  other  hantl,  the  contrantions  of  the  auricles  can  l>e  seea 
with  considerable   definiteness,   and    diesociation    of    rhythm,! 
heart-block,    can    often    be    diagnosed    in    this    way] 
by   simple   inspection   (Kraus,   Gibson). 


PERMANENT  RADIOGRAPHS. 

For  obtaining  permanent  photographs  a  '*  medium  soft*'  tube  (MoriU 
scale  W  6  B  W  6)  ia  used  in  connection  with  a  Wehnelt  electroI>'tic  inter- 
rupter and  an  induction  coil  with  proper  setf-inductioii  yielding  a  40  to  60 
cm.  spark.  The  patient  is  laid  upon  a  table  with  the  tube  above  or  below 
him,  as  ia  most  suitable  to  the  purpose  of  the  examination.  In  order  to 
absolutely  immobilize  him  it  is  well  to  support  the  shoulders  upon  sand 
bags.  He  may  also  be  examined  stantling  by  immobilizing  the  shoulders 
to  prevent  blurring  of  the  picture.  Skiagraphs  of  the  chest  made  with  very  i 
short  exposures  have  proved  particularly  valuable,  since  they  give  greater  1 
definition  (Rieder). 

Teleroenfgenography.— Recently  the  need  for  the  orthodiagraph  nasbeen 
obviated  to  a  great  extent  by  taking  permanent  radiographs  at  a  distance  of 
150  to  200  cm.  from  the  patient,  in  which  the  rays  are  bo  nearly  parallel  that 
the  shadow  of  the  heart  is  never  more  than  5  mm.  larger  than  the  heart  itself, 
and  the  individual  borders  are  not  displaced  more  than  the  thickness  of  an 
ordinary  chalk  line  (2  mm.)  (Koehler).  Such  radiographs  are,  of  course,  much 
mare  objective  records  and  preserve  many  more  details  than  are  furnished  by 
the  orthodiagraphicouthnes,  and  are  in  this  respect  much  more  valuable,  and 
the  need  of  an  expenwive  and  cumbersome  apparatus  is  also  removed. 

If  satisfactory  pictures  are  not  obtained  in  tliis  way,  it  may  be  necesearj' 
to  back  the  plates  with  an  *'  intensifjing  screen  "  (Verstiirkungsschirm)  of 
calcium  tungstate,  etc.,  exactly  similar  to  the  screen  of  the  fluoroscope,  which 
intensifies  the  action  of  the  raya  upon  the  plate.  By  the  use  of  such  intensi- 
fying screens  it  has  been  possible  to  obtain  satisfactory  radiographs  of  the 
thorax  with  exposures  of  1/10  to  1/20  sec.  (Rieder  and  Rosenthal)  or  even 
l/lOO  sec.  (Dessauer).  Dessauer  has  found  that  these  can  be  made  if  the 
tube  is  strongly  illuminated  (anticathode  red)  before  the  plate  is  exposed, 
especially  if  an  unusually  large  anticathode  is  placed  in  the  tube.  The  expo- 
sure takes  place  through  a  slit  in  a  lead  disk  which  is  rapidly  rotated  by  a 
motor  in  front  of  the  plate. 

Weber  has  devised  an  apparatus  whereby  such  instantaneous 
photographs  may  be  taken  at  any  given  phase  of  the 
cardiac  cycle,  and  has  obtained  very  interesting  pictures  in  this  way. 

His  method  for  obtaining  this  instant  in  the  cycle,  which  depends  upon 
the  use  of  a  selenium  cell,  is  very  elaborate  and  cumbersome,  and  a  much 
simpler  and  more  satisfactory  solution  of  the  same  problem  can  be  obtained 
by  using  a  slight  modification  of  the  apparatus  devised  by  Hirschf elder  and 
Eyster  for  obtaining  a  series  of  induction  shocks  at  exactly  the  same  phase  of 
the  cardiac  cycle. 

This  apparatuji  conHists  of  two  part^,  the  first  being  a  eiphygmograph  tambour  arranged 
to  give  an  electric  contact  when  its  lever  is  lifted  in  systole,  and  the  second  consisting  of  a 
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clockwork  device  arranged  to  rotate  for  a  definite  period  after  the  sphypnograph  contact 
has  been  made,  after  wliit-h  it  sets  off  a  Beoond  eleclric  contact  operating  either  the  X-ray 
coil  or  a  slbulter  in  front  of  it  so  as  to  give  an  instantaneoua  exposure  at  the  instant  dejsired. 

The  first  part  of  the  apparatus  diflfere  somewhat  from  the  original  apparatua  of  Hirach- 
felder  and  Eyster  in  the  manner  in  which  the  contact  is  made,  for  in  tlicir  exfjcrimenta 
ay8tx)le  was  recorded  by  the  downstroke  of  the  lever,  which  waa  allowed  to  dip  into  a  pan 
of  mercuT}',  while  in  the  clinical  ephygmographa  systole  is  recorded  by  an  upstroke.  In 
order  to  use  the  clinical  gphygmograph  or  the  ordinary  tambour  for  thia  purjjosc,  one  of 
the  bright  metal  parta  should  be  well  wrapjied  with  the  end  of  an  ekewhiTC  insulated  copper 
wire  to  be  used  in  the  circuit.  The  second  contact  consiata  of  a  piece  of  platinum  wire  or 
foil  which  is  bent  in  svich  a  way  that  when  mounted  and  fastened  upon  the  aphygmograph 
by  roeana  of  thread  or  rubber  bands  the  aphygmograph  levt^r  will  j\mi  touch  it  on  the  up- 
stroke and  leave  it  on  the  downstroke^  Thia  contact  should  be  insulated  from  the  metal 
parts  of  the  tambour  by  interposing  a  piece  of  paper,  fibre  or  rubber,  ajid  it  ahould  be  con- 
nected with  a  piece  of  inaulated  copper  wire  so  that  the  upstroke  of  the  lever  may  close  a 
circuit  through  the  two  w^irea  leading  from  the  tambour,  while  the  dowostroke  breaks  it. 

The  second  or  clockwork  part  of  the  apparatus  conaista  of  a  set  of  wheels  driven  by 
a  spring  in  the  usual  maimcj.  One  of  these  wheels  beara  a  small  outrigger  which  is  caught 
by  the  lever  from  an  electromagnet  when  the  circuit  through  the  latter  is  oiK-n,  and  released 
when  the  lever  ia  moved  by  closing  the  circuit.  Wlien  this  magnet  is  connected  with  the 
wires  from  the  aphygmograph  tambour  this  repreeents  the  instant  of  systole.  Upon  the 
axle  of  the  same  wheel  or  a  wcoud  wheel  of  the  clockwork  there  is  set  an  arm  bearing  a 
platinum  wire  wliich  ia  just  long  enough  to  dip  into  a  small  pan  of  mercury  fixed  to  the 
ba'M'-board  but  insulated  from  it.  The  arm  ia  adjustable  on  the  axle  so  that  the  arc  through 
which  it  moves  fnjm  the  time  the  outrigger  is  released  until  it  reaches  the  mercury  may  be 
varitni  at  will.  A  binding  pos^t  is  mude  to  connect  with  the  metal  work  of  the  clockwork 
and  another  to  connect  with  the  mercury  pan,  so  that  when  the  arm  dips  into  the  latter  a 
second  circuit  is  closed,  and  this  circuit  may  be  arranged  to  operate  the  X-ray  exfKwure. 

It  ia  preferable  to  have  the  X-ray  tube  inelo.'^ed  in  a  metal  bcjx  and  to  allow  the 
above-mentioned  contact  to  close  a  magnetic  circuit  operating  a  photographi(!  shutter  of 
metal  placed  in  front  of  the  tube.  Each  upstroke  of  the  sphygmograph  lever  thus  seta  the 
clockwork  in  motion,  giving  rise  to  an  electric  current  which  passes  through  the  latter  at 
any  dci^ired  instant  later  in  the  cardiac  cycle.  Thia  exposure  may  be  repeated  an  indefinite 
number  of  times  always  at  the  same  instant  after  the  onfw't  of  systole,  so  that  the  euminated 
exposures  upon  the  pliite  have  the  same  efTect  as  a  single  instantaneous  photograph  at  the 
same  instant,  only  much  more  intense.  By  taking  a  series  of  such  plates  at  successively 
later  instants  in  the  cardiac  cycle  a  scries  of  pictures  which  are  practically  kinetoscopio 
can  be  readily  obtained. 

ROntgen    Kinematographs. — Ijcvy-Dorn,   Eykman,   and   Dessauer  and 

Groinlel  have  taken  kinpmatographic  pictures  of  the  heart-beat. 

In  Groeders  apparatus  designed  for  this  purpo.se  a  eeries  of  24  plates, 
each  provided  with  an  intensifying  screen,  are  pushed  one  after  another 
into  place  by  the  rotation  of  a  spiral,  one  turn  of  which  represents  a  dis- 
tance of  one  centimetre.  As  in  Dessauer's  instrument,  the  exposure  takes 
place  through  a  slit  in  a  lead  disk  which  is  rotated  by  the  same  belt  as  the 
spiral  and  at  the  same  speed.  The  changing  of  plates  occurs  automati- 
cally during  the  period  when  the  film  is  covered  by  the  disk,  the  exposed 
plate  being  shoved  into  a  padded  box  below  before  the  new  one  is  pushed 
into  place. 

Kinetoscopic  pictures  have  not  yet  come  into  general  use,  but  promise 
to  open  a  new  field  for  the  study  of  the  heart. 

Stereoscopic  Radiographs. — Still  better  also  than  the  study  of  single 
plates  are  stereoscopic  pictures,  which  can  l>e  made  by  taking 
two  pictures  with  the  tube  moved  6.0  cm.  laterally  between  exposures.  In 
order  to  secure  the  best  results,  the  two  exposures  should  occur  before  the 
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patient  has  had  time  to  move,  and  honco  a  special  apparatus  should  l>e  used 
for  automatic  moving  of  the  tube  and  changing  of  plates.  The  plates  are  then 
viewed  in  the  Wheatstone  stereoeicape. 

Stereoscopic  ratiiogra[ihs  do  not  have  the  flat  appearance  of  ordinary 
radiographs,  but  all  the  organs  stand  out  plastically,  showing  themselves  in 
perfect  perspective  and  thus  establishing  the  spacial  relations  of  each  shadow 
to  the  neighboring  organs.  It  liecomes  easy  to  detprmine  whether  an  object 
is  locat^'d  in  the  anterior,  middle  or  posterior  portion  of  the  chest  and  whether 
an  object  Hke  a  tumor,  aneurism,  or  mass  of  glands  is  pointing  backwards 
or  forwards.  By  obtaining  a  elearer  view  of  the  form  of  the  object  and  the 
relations  of  the  surrounding  shadows,  it  is  often  possible  to  determine  that  a 
certain  shadow  which  upon  tlie  single  plate  cannot  be  distinguished  from  a 
soUd  mass  is  actually  made  up  of  conglomerate  smaller  masses,  and  thus 
mediastinal  tumors  and  fused  tuljerculous  glands  can  often  be  distinguished 
from  aneurisms  with  much  greater  definiteness  than  is  possible  upon  the 
single  plate.  iSimilarly  the  plastic  appearance  causes  strands  of  arlhesions 
to  stand  out  more  clearly  and  facilitates  their  differentiation  from  ordinary 
lung  figures.  In  some  cases  it  is  possible  even  to  differentiate  pleuritic  de- 
posits from  intrathoracic  structures  by  this  means.  So  great,  indeed,  are 
the  advantages  of  the  stereoscopic  over  the  ordinary  X-rays  that  in  all  doulH- 
ful  cases  the  former  should  be  resortetl  to,  and  the  last  word  upon  the  dia^osis 
has  not  been  said  until  this  has  been  done. 
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VII. 

PHYSICAL  EXAMINATION. 

While  it  is  impossible  to  enter  into  a  treatise  upon  physical  exami- 
nation, a  few  points  which  are  of  special  importance  in  cardiac  cases  may 
be  discussed. 

General  Appearance. — The  general  appearance  of  the  patient,  expres- 
sion and  color,  are  of  great  importance.  The  position  which  he  naturally 
assumes  in  bed,  the  presence  or  absence  of  dyspnoea  and  orthopncea,  the 
general  degree  of  nervousness  or  dulness  arc  all  to  be  noted. 

The  typical  appearance  of  the  cardiac  patient  {cardiac  facie s)  is 
characterized  by  an  anxious  expression,  bright  eyes  with  moist,  glistening 
conjunctiva?,  cheeks  full  rather  than  sunken  as  in  the  abdominal  facies, 
and  as  a  rule  a  tinge  of  cyanosis  about  the  lips. 

There  are  two  main  types:  (1)  the  mitral  (or  mitrotriouspid)  facies,  with 
rosy,  flushed  cheeks^  dilated  capillaries,  and  cyanosis  (moat  commonly  seen  in  mitral 
Btenosis);  and  (2)  the  aoriic  faries,  witli  pale,  often  sallow,  rather  sunken  cheeks, 
bright  eyes,  moist  conjunctivtp,  and  slight  cyanosis  of  lips  and  fingers.  To  these  might  be 
added  (3)  the  Hubictcric  facies  of  broken  compeiiHation,  with  pallor,  aubicteric  conjunctiva), 
and  cyanosis  of  the  II  [js. 

Nasopharynx. — The  tonsils  and  posterior  nasopharynx  should  always  be  carefully 
exanuned.  Tlie  fonner  are  the  chief  [wrtala  of  entry  for  the  germs  of  rheumatism,  while 
adenoids  and  affections  of  the  nasal  aeptum  may  of  tTiemselves  induce 
cardiac  arrhj'thmia,  and  may  also  be  an  import.ant  contributing  factor  in  the  attacka  of 
aathnia  in  organic  heart  dimjase. 

Ophthalmoscopic  Examination,— The  eye-grounds  should  alwaj's  be  examined  whea 
arteriosclerosis  (page  358)  or  congenital  heart  disease  (page  542)  ts  bus|k'c1*h1. 

Neck. — In  the  neck  especial  attention  should  be  directed  to  the  visible 
throbbing  of  the  carotids,  the  fulness  of  the  neck,  and  the  size  and  consist- 
ency of  the  thyroid  gland  (page  678),  the  presence  of  thrills  and  murmurs 
over  vessels  or  thjToid,  or  a  tracheal  tug  (page  643).  The  juguhir  pulsation 
is  discussetl  in  full  in  Part  I^  Chapter  IV,  page  71, 

Chest. — The  form  of  the  chest  is  of  considerable  importance,  not  only 
as  regards  kj'phosis,  but  particularly  as  to  its  f  u  I  n  e  s  a  or  flatness  (see 
Part,  in.  Chapter  II).  In  recording  this,  the  wdth  of  the  costal  angle 
should  be  noted,  and  the  general  obliquity  of  the  ribs  in  quiet 
expiration  should  be  designated  by  notuag  the  vertebral  spines 
which  are  on  the  same  level  with  the  sterno xiphoid 
articulation  (normally  at  the  level  of  the  eighth  thoracic  spine) 
(page  G99).  It  should  be  noted  whether  the  chest  in  quiet  breathing  ap- 
proaches more  nearly  t«  the  i)Ofitti*jn  of  expiration,  flat  chest,  or  to  that 
of  inspiration.  Pulsations,  bulgiiigs,  heaving,  or  retractions  of  the  ril>8  or 
interapaces,  aa  well  as  the  presence  of  abnormal  shocks  and  thrills,  should 
of  course  \ye  noted. 

Abdomen. — In  the  abdomen  the  important  features  to  be  noted  are 
preeence  or  absence  of  ascites,  enlargement  of  liver  (syBtemic 
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stMie),  pulsation  of  the  liver,  systolic  impulse  (tricuspid  insuffi- 
ciency), systolic  retraction  {dilated  or  hypertrophied  right  ventricle),  the 
nature  and  the  time  of  epigastric  pulsation  (systolic  elevation  being  trans- 
mitted from  the  abdominal  aorta,  systolic  retraction  indicating  dilated 
hypertrophied  right  ventricle).  A  palpable  spleen  of  cardiac  origin 
I  points  to  infarction,   septic  or  thrombotic.     When   aneurism   or   arterio- 

H     sclerosis  is  suspected  the   course    of    the    abdominal   aorta   should 
^     be  mapped  out  by  deep  palpation  with  both  hands,  one  above  each  side  of 
the  aorta  and  that  vessel  between  them  (page  660). 

I  The  genitalia  should  of  course  always  be  examined  for  signs  of  gonor- 
rhoea and  lues, — urethral  smears  for  the  former  and  a  W  a  s  s  e  r  m  a  n  n 
reaction  for  the  latter  being  made  whenever  possible. 
Extremities. — Upon  the  extremities  the  presence  of  oedema  and 
arthritis,  aero  cyanosis  or  pallor,  and  the  size,  consistency,  and 
uniformity  of  the  brachial,  radial,  femoral,  popUteal^  and  dorsalis  pedis 
arteries  are  the  chief  points  of  importance. 
L, 
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Mechanics  of  the  Cardiac  Impulse. — The  apex  itself,  as  shown  by 
Ludwig  and  Dogiel,  docs  not  move  appreciably  up  or  down  during  systole; 
and,  as  Hesse  has  demonstrated,  the  transveree  diameter  of  the  heart 
shortens  more  than  the  longitudinal. 

The  chief  movements  which  lead  to  the  production  of  the  apex 
impulse  are  due  more  to  the  systolic  erection  of  the  heart  upon  the  great 
vessels  than  to  its  diminution  in  size. 

If  one  watches  the  exposed  heart  of  a  dog, 
cat,  or  rabbit,  it  is  seen  to  execute  two  move- 
ments in  systole:  (1)  the  generaJ  contraction 
affecting  cliiefly  the  transverse  diameter  of  the 
heart,  and  (2)  a  twisting  about  of  the 
apex  from  left  to  right  and  forwards. 
This  torsion  of  the  apex  is  the  resultant  of  the 
several  lines  of  traction  exerted  by  the  muscu- 
lature of  the  right  and  left  ventricles  upon  the 
base  of  the  aorta  and  pulnionar\'  artery,  and 
modified  by  the  pivoting  of  the  heart  against 
the  vertebml  column  and  by  the  shifting  of  its 
centre  of  gravity  owing  to  variation  in  its 
liquid  content-  The  tendency  of  tliis  move- 
ment is  to  push  the  apex  of  the  left  ventricle  against  the  cheat  wall,  while  the  left 
wall  of  the  left  ventricle  and  the  right  (anterior)  wall  of  the 
right  ventricle  move  inwards  toward  the  septum.  Wherever  in 
man  these  walls  are  in  contact  with  the  chest  wall  these  inward  movements  give  rise  to 
retraction  of  the  interapaces  above  them.  The  surface  of  the  thin-walled  right  ventricle 
moreover  is  actually  pulled  inwards  duri^ng  systole,  so  that  there  may  actually  be  an 
indentation  of  its  surface  which  still  further  contributes  to  the  aystolic  retraction. 

Protrusions  and  Retractions. — A  variety  of  protrusions  and  retractions 
of  the  interspaces  may  be  seen  to  occur  with  each  cardiac  contraction. 

Grapfiic  records  of  the  impulse  have  been  taken  by  rneana  of  the  polygraphs 
described  above,  the  receiving  funnel  being  placed  over  the  area  of  pulsation  exactly 
as  for  a   jugular  or   carotid  tracing.     Tracings  can  be  made   either  wnth  a  rubber- 
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covered  spring  tambour  like  that  used  for  the  carotid,  or  with  an  o|)en  funnel ; 
the  fomter  exerting  pressure  upon  the  apex,  the  latter  merely  recording  the  com- 
prcsifiion  or  rarefaction  of  llie  air  in  the  funnel  due  to  the  impulse. 

The  writer  alao  Hnda  that  a  funnel,  made  from  a  soft  rubber  stethosf  ope  tip  stoppered 
tightly  with  a  perforated  rublwr  stopper  jienetrated   by 
___  a  K'a-"*  tuhe  and   bearing  a   rubber  lip,  is  very  Bati»> 

factory  (Fig.  86). 

The  movements  seQji  may  be  divided  as: 
(1)    Lifting    of   the    entire    precordium, 
which  results,  especially  in  flat-chested  individ- 
uals or  in   those   with    very  large  hearts,  from 
the  systolic  erection  of  the  heart  as  a  whole  as 
it  pivots  against  the  vertebral  column  behind 
and  pushes  against  the  chest  wall  in  front. 
This  is  usually  seen  in  hearts  which  from  any  cause  whatever  arc 
beating  heavily,  though  it  is  most  marked  over  large  hearts. 

(2)  The  normal  type  of  apex  beat  consists  of  a  large  protrusion 
synchronous  with  and  lasting  throughout  the  duration  of  ventricular  systole 
(Fig.  88,  I,  8-(I),  usually  preceded  by  a  small  presystolic  wavelet  (a-s)j  due 
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Fio.  87. — A,  tracing  from  the  apex  inipulse  and  carotid  iirtery;  r,  time  of  cnrotifl  wbvo;  «/. 
of  dicrotic  notch.  Upper  line  give<  the  time  it»  I  s«c.  B.  cardiojfram  obtninwl  over  a  tjoruml  aprx. 
C  and  D,  canlJOKrani  over  the  fourtli  l«ft  iat«i spaced  cni.  from  coetal  nwrgio  ((.yslolic  reUactiou),  from 
ibt  aamc  individuAl  aa  B. 

to  systole  of  the  auricles.  The  large  ventricular  wave  is  followed  by  a  fall 
in  early  diastole,  coincident  with  the  fall  in  intraventricular  pressure. 
After  this  fall  there  is  sometimes  a  small  upstroke  of  the  lever  (passive 
protrusion  of  the  ap<*x  by  the  inrushing  blood)  which  may  temiiimtf  in  a 
small  protodiastolic  wavelet  (p).     This  protodiastolic  wavelet  corresponds 


to  the  shoulder  upon  the  cardiac  plethysmogram  at  the  end  of  ventricular 
filling  (paKc  11),  unti  is  particularly  marked  in  cases  in  which  a  third  heart 
sound  can  be  heard  (Thayer). 

In  cases  with  hyixTtrophy  of  the  left  ventricle  the  protrusion  is 
usually  very  forcible  and  heaving  throughout  systole — dome-like  protru- 
sion, choc  en   dome   (Banl). 

Occasionally,  however,  especially  when  there  is  some  hypertrophy 
of  the  right  vi^ntricle,  the  systolic  protrusion  may  not  last  throughout 
ventricular  systole,  but  may  be  roprcscnteil  by  only  a  niomentaiy  protni- 
sion,  followed  by  a  retraction  duriiijj;  midsystole  (Fig.  8<S,  III).  Such  a 
beat,  which  really  represents  the  algebraic  sum  of  the  systolic  protrusion 
over  the  left  ventricle  and  the  systolic  retraction  oVer  the  right,  may  be 


III. 


Fig.  88. — Various  farnifl  of  apex  tracitiEii.  I.  Nonnal,  showing  presystolic  (auricular)  wave  a, 
Hyjitfllic  plateau  t-d,  and  the  cur%-e  of  ventricular  filling  tf-p,  enchnft  in  the  prototliaAtolie  wavelet  p.  II, 
Nornud  apex  beat  showing  only  tiyiitolic  elevation.  Til.  "Mi\i>cl  "  type  nf  impulse nhowing  an  elevation 
fulluw'fd  l>y  a  retraction  during  the  periocl  of  »y»lolc.  I\'.  8>-)«tolie  felraclion.  Apex  formed  by  the 
riuht  ventricle.    V.  "Mixed"    t>*pe   of   ape\   beat   showing   protrusion   during 


retraction  during  i^ystole  of  the  ventricle. 


protrusion   during   auricular   systole  and 


termed  a  "mixed"  type  of  apex  beat.  In  other  mixed  types 
there  may  be  protnision  during  auricular  systole  (presystolic  protrusion) 
followed  by  retraction  during  systole  of  the  ventricle  (systolic  retrac- 
tion). The  right  ventricle  plays  the  leading  role  in  the  production  of 
such  an  impulse. 

(3)  Systolic  retractions  over  the  entire  right  \cn- 
tricle  (third,  fourth,  fifth  left  interspaces  between  the  parasternal 
line  and  sternal  margin)  when  this  chamber  is  h  y  p  e  r  t  r  o  p  h  i  e  tl  or 
contracting  strongly,  sometimes  also  in  second  left  interspace 
(Mackenzie).  Occasionally,  especially  in  caaes  of  mitral  stenosis,  the 
presence  of  a  systolic  retraction  of  the  interspaces  over  the  right  ventricle 
and  a  systolic  protrusion  over  the  apex  gives  the  cardiac  impulse  the 
w  a  v  y  appearance  of  a  peristalsis.  In  reality,  however,  the  two  move- 
ments are  synchronous.     It  is  not  a  peristah'is  but  a  see -saw  movement. 
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(4)  Systolic  impulse  in  the  secood   right  interspace  in  aortic 
i  n  s  u  f  f  i  c  i  e  n  f  y  . 

(5)  Systolic  impulse  in  the  second  left  interspace  (pulmonic  area)  in 
pulmonary  insufficiency  or  vigorous  contraction  of  the  right  ventricle. 


(6)    Systolic    retraction    at 


■«ilT^ 


Fio.  89.— Arcrt  ■■■'  [m-fttion  und  retraction.  t  , 
protruMioo,;  i  ,  n  ^t...  ip  n  *'AR,  cnrolid  orlery;  Jl'G, 
jucularvein;  CEt^U.  n'pivalic  vein;  .40,  aorta;  PA.  pul- 
mooao'  artery;  liV,  riRlit  venlnclr;  APHD,  upex  with 
high  diaphragm;  /IP,  apex;  LI  V.TR.l.WS,  liver-puli»s- 
tion  in  Iricuspul  lnp«iifficieiioy;  LIV.  HYP.  R\\  iiver- 
relraction  with  hypertrophy  of  right  ventricle. 


the    apex    in    adherent   pen- 1 
cardium  or  when  the    apex  it  | 
formed    by    an    hypertrophiwl 
right  ventricle. 

(7)  Systolic  retrac- 
tions in  the  interspaces 
beyond  the  ape.\  (left  axilla)  due 
to  negative  pressure  over  those 
areas  of  lung  produced  by  con- 
traction of  a  very  large  heart  or ; 
to   pleuropcricardial    adhesions. 

(8)  Retraction  of  the 
xiphoid  process  or  ribs 
from  traction  of  costoperi cardial 
adhesions  during  systole] 
(Broad bent's  sign). 

(9)  Systolic   impulses  i 
in    various    abnormal    sit<'S 
due   to    aneurisms,    tumors,  or^ 
tortuous   sclerotic    arteries. 


FiQ.  90. — Ekidies  producing  thrill*  m 
illuiitrftted  by  a  MtreaTn  of  water.  Arrw* 
nhow  linw  of  force.  The  targe  arrow  indi- 
ca  tea  the  p  rewure  at  th  e  poi  a  t  of  palpation. 


PALPATION. 

Palpation  of  the  precordium  and  thorax  is  undertaken  with  a  view 
to  determine,  (1)  the  force  of  the  apex  impulse;  (2)  the  presence  and  force 
of  any  diffuse  heave;  (3)  the  intensity  of  the  shock  accompanying  the 
heart  sounds;  (4)  the  presence  and  distri-  j 

bution  of  "thrills";   (5)  the  presence,  dis- 
tribution, and  character  of  other  pulsations. 

Thrills. — Carrigan  (1837)  ami,  later,  Marey 
showeil  ihiit  thrills  may  be  iinitatetl  by  pixxluciiig  a 
conBtriction  in  a  rubber  tube  attached  to  a  water 
faucet.  It  will  l>e  seen  that  this  causes  the  stream  to 
assume  a  corkscrew  form,  giving  rise  to  etldiea,  t  wis  is, 
and  nodes  below  the  constriction.  These  tend  to  produce  aoneo  of  conMtriction  and  dilatation 
in  the  twbe  itself  and  thus  set  it  into  vibrateons  which  are  palpable  as  thrills  and  audible  ai 
murmure.    Above  the  constriction  there  are  no  eddies,  hence  neither  thrilla  nor  murmun. 

The  thrill  is  best  transmitted  in  the  direction  of  the  stream  producinjB 
it.     It  disappears  when  the  constriction  becomes  too  great  or  the  pressure 
falls  too  low,  and  increases  with  the  force  of  the  stream  (blood-pressure), 

PERCUSSION. 

It  is  of  the  greatest  importance  to  determine  the  exact  outline  of  the 
heart.     As  has  been  seen,  this  is  done  most  accurately  by  means  of  the 
orthodiagraph  (page  135),  but  under  ordinary  clinical  conditions   this  isj 
not  available  and  the  cardiac  area  is  outlined  by  percussion. 
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RELATIVE   CARDIAC    DULNE8S. 
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I 
I 


Fio.  91.— Gold- 
Mclieiiier'u  orllio- 
pwcvmoa. 


In  mapping  out  the  area  of  relative  cardiac  dulness  it  is  impoiiant 
to  begin  percussion  a.*?  far  away  from  the  heart  as  possible,  and  then  to 
approach  the  heart,  marking  the  points  at  which  the  very  first  change  of 
note  can  be  recognized  as  the  heart  is  approached.  In  this  way  one  obtains 
an  absolutely  resonant  note  as  long  as  the  plessimeter  finger  is  over  lung 
tLssue,  and  a  sharp  contrast  to  this  as  soon  as  one  percusses  over  the  borders 
of  the  heart;  whereas ^  if  one  were  to  begin  percussion  over  the  heart  and 
percuss  outward  there  would  be  a  gradual  change  of  note, 
becoming  more  and  more  resonant,  until  it  finally  faded 
into  the  perfect  resonance  over  the  lung. 

Chok«  of  AVethodK. — lii  outlining  the  cardiac  area  one  has  the 
choice  of  several  tnethoda: 

(1)  Direct  or  immediate  percusajon  by  tapping  the  chest  wall 
directly  with  the  fin^r-tip8  of  otie  hami, 

(2)  Heavy   indirect  or  mediate  perciiasion. 

(3)  M  p  d  i  u  in  -  I  i  g  h  t    fjercuMiion. 
(4 J  Lightest    audible    ;>ercus8]on     (threshold    percussion    of 

Ewaldt  Goldscheider,  Curschmunn  and  Schlnyer). 

(5)  Palpatory   percussion  (Eijsteiii)  by  note  too  low  to  be 
beani  »t  all. 

(6)  ()  r  t  h  o  p  e  r  c  »i  s  8  i  o  n    (Goldscheider)    (Fig.    91),   distal 
phalanx  of  the  plessimeter  finger  held  perpenihcular  to  the  chest  wail. 

(7)  Instrumental  i)ercu.ssion  with  a,  mechanical  plesisimeter,  the  blow  being 
Btruck  by  either  the  finger  or  a  hammer. 

In  Beleeting  the  method  of  percussion  it  should  be  borne  in  mind  that 
the  vibrations  of  hea.vy  percussion  are  readily  communicated  to  neighboring 
areas  of  lung,  while  those  of  the  tightest  percussion  are  readily  absorljed  by 
the  neighboring  lung  tissue  and  hence  are  best  transmitted  by  the  clear  lung 
tissue  in  the  axis  of  the  stroke.  The  resonations  of  the  lightest  strokes  pass 
through  the  entire  thickness  of  the  lung  (Gotdscheider).  Moreover,  it  is  a 
well-known  law  of  sense-perception  that  the  softer  the  initial  sound  the  easier 
it  is  to  detect  variations  in  it.  Indeed,  de  la  Camp  goes  so  far  as  to  recom- 
mend light  direct  percussion  through  a  single  layer  of  blanket  laid  upon  the 
cheat  as  the  most  accurate  method  of  outlining  the  cardiac  dulness, 

Moritz,  Diction,  tie  la  Camp,  Goldscheider,  Curschraann  and  Schlayer, 
and  a  number  of  other  writers  have  compared  outlines  made  by  the  various 
methods  of  percussion  in  hundreds  of  eases  with  those  obtained  by  the 
orthodiagraph,  while  Simon  has  marked  out  his  outlines  by  percussion 
upon  the  intact  cadaver  with  pins  and  then  tested  his  accuracy  upon 
opening  up  the  thorax.  All  these  observers  are  unanimous  in 
advocating  very  light  percussion  for  outlining  the  left  border 
of  the  heartj  but  Moritz  prefers  a  rather  heavy  palpatory  percussion 
for  the  right  border. 

Moreover,  the  sensations  which  percussion  imparts  to  the  finger  are 
more  delicatelv  graded  for  a  light  stroke  than  for  a  heavy  one,  since  the 
pressure  of  a  heavy  blow  somewhat  dulls  the  sensibility  of  the  finger-tips, 
and  in  this  way  also  a  light  stroke  is  more  satisfactory.  The  oft-made 
claim  that  a  light  stroke  does  not  penetrate  deep  enough  for  mapping  out 
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the  right  border  of  thp  hojirt,  though  seeming  plausible,  is  not  warranted  by 
t'Xporiencc.  On  the  euntraryr,  the  writer  has  observed  that  those  cUnicians 
who  rarely  make  out  at  all  the  area  of  cardiac  duhiess  which  lies  to  the 
right  of  the  midline  were  usually  those  who  used  heavy  percussion. 

Avoidable  Errors  in  Percussion. — The  exni-t  method  used  is  a  matter  of  individual 
preference  and  practice.  The  eswentiiUs  for  uE  forms  ure:  (1)  a  loose  wrist,  loosely  held 
finger-joinU,  and  a  short  sharp  blow  with  immediate  elastic  recoil;'  (2)  tinn  pressure  of 
the  plesKJmeter  finiger  against  the  chest  wall,  especially  in  the  interspaces.  In  the  writer's 
experience  the  important  |K)int  i.s  nol  the  metho*l  used  hut  the  care  irv  discrimiualing  the 
lirst  .slight  difTerenccH  in  note  and  sensation.  The  errors  of  |>ercuH8ion  stt  frecjuent  auiong 
sliidentrt  and  even  experienced  physicitins  are  far  more  frequently  d  u  e  to  in- 
ability to  detect  differences  in  note  than  to  inability  to  elicit 
them.     This  iriabiUty  to  delect  slight  differences  was  due  in  most  cases  to  a   f»recon- 

ceive(!  notion  as  to  the  intensity  of  change 
obtainaltle.  The  observer  iisnully  ex|)e<rted  a 
greater  change  and  |>ernutte<i  his  ear  toneglect 
the  leaser,  althomeh  once  liis  attention  was 
called  he  wtis  ix'rffctly  able  tn  detect  it. 

Special  Methods  of  Percussion. — The 
method  of  choice  varie.%  somewhat  with  the 
piirixitHe.  For  ordinary  purposes  very  light 
dJR'Ct  fjercusiion  isi  (|iiite  .«4.'itisfactory.  or  ordi- 
nary threshhold  (>ercuswion  with  barely  audi- 
ble note.  Where  accuracy  is  important, 
as  in  delennining  the  mobility  of  the  he-art 
or  of  the  lung  ^jordern,  Ciold-scheider's  or- 
t  h  n  p  e  r  c  u  s  8  i  o  n  or  J.  O.  Ilinsthfeltler'a 
o  r  t  h  o  p  1  c  s  s  i  m  e  f  e  r   is   preferable. 

fjoldacheirler  liclieved  (hat  orthopercus- 
sion was  so  delicate  that  dulneas  was  given 
only  by  tKHJies  directly  in  the  axis  of  the 
plesjsiiueter  phalanx  and  that  in  this  way  the 
plane  of  an  obhque  surface  could  be  detected,  but  experieiioe  shou-s  that  this  is  rarely 
ftossible.  It  succeeds  much  more  frequeutjy  wben  the  orthople.H?imetcr  (Fig.  92)  is 
UHe<l;  HO  that  a  resonant  note  may  be  oiitaine*!  when  the  .«<liaft  i'*  (pointed  parallel  to  the 
heart  surface,  a  dull  note  when  it  is  j^minted  toward  the  heart. 

Unavoidable  Errors  in  Percussion  Outlines. — Tn  outHninp  the  heart 
by  perriissluii  the  right  and  left  borders  present  different  problems.  The 
right  border  is  situated  deeply  and  leredes  at  once  from  the  chest  wall,  so 
that  it  represents  the  first  point  at  which  dulness  could  be  obtained.  The 
left  border  is  superficial  and  convex  and  the  convexity  sometimes  follows 
the  curve  of  the  ribs  in  the  left  axilla.  Acconiingly  it  may  happen  that  in 
round  narrow  chests  or  in  persons  with  large  hearts  the  left  ventricle  may 
almost  fill  the  kit  half  of  the  thorax.  The  curve  of  the  ribs  follows  the  wall 
of  the  left  ventricle  and  the  latter  may  remain  near  the  chest  wall  through- 
out the  axilla.  The  outer  border  of  dulness  may  thus  be  obtained  not  over 
the  apex  but  over  the  posterior  wall  of  the  left  ventricle.     In  persona 

'  Some  persons  are  possessed  of  a  loose  vvrii*l  at  once,  others  acquire  it  only  after 
long  practice.  For  the  latter  the  writer  iieeommends  the  following  exercise  practised  two 
to  five  minutes  diiily;  Hold  the  wrist  as  loosely  as  possilile,  then  vibrate  the  forearm  very 
rapitily  to  and  fro  from  the  elbow  until  the  hand  studies  about  like  a  flail  upon  the  looae 
wrist  too  fust  for  the  eye  to  follow  Hh  movements.  The  impiovement  in  percussion  fol- 
lowing thJa  exerciae  is  very  gratifyiag. 


Fin.  02. — Percussion  with  Ihe  orthoplcssi- 
nieter.  A.  J.  Q.  Hir.«iKlif<sld*rV  <)ri}iapleHntmi3ttrr 
atid  its  Tnotie  nf  applicatinn.  B.S>iippK>!ic«i  tin'*  of 
tranonuMion  of  the  ptTCUNskm  impul'**  from  ilie 
orUiupleBnimeler.    RKS,  re.runuul  percussion  note. 


EXAMINATION. 


I 
I 


Flo.  03. — Thi<  h»arfc  as  outlined  by  ordi- 
njwy  perruMioD,  hy  oriboporcuMiuD  p'PriK'n- 
dicular  to  the  nieaiiuriag  tnp*.-.  and  by  ortbo- 
(iiagrttph. 


ith  narrow  chests  or  mucli  enlarged  hearts  the  area 
of  ilulnnss  on  percussion  extends  around  the  heart 
and  not.  merely  across  the  transverse  diameter.  The 
transverse  diameter  corresponds  accu- 
rately to  the  point  mapiw'd  out  with 
the  orthodia|?raph.  Accordingly  there 
may  Ix-  a  dist-ropancy  of  several  cen- 
timetres Ix'twcen  the  percussion  and 
orthodiagraph  estimations  of  the  dis- 
tance from  the  midline  to  the  left  bor- 
<ler.  In  a  very  large  series  of  cases 
Moritz  found  his  percussion  (light  per- 
cussion for  the  right  bonier,  threshold 
percussion  for  the  left)  to  be  correct  for 
the  right  border  in  8«)  per  cent.,  for  the 
left  in  70  i>er  cent.  Wlien  the  dulness 
reaches  far  around  the  axilla,  this  dis- 
crepancy nuiy  be  rt^duccHJ  several  centi- 
metres by  stretching  the  tape  out  to  the 
left  and  projecting  the  outer  border  of 
cardiac  dulness  perpendicularly  upon  it  and  measuring  this  projection.  In 
order  to  diminish  this  discrepancy  A.  D.  Hirschfelder  (Virginia  Medical 
Semi-Monthly,  1914)  has  devised  a  plessimeter  rod  attached  p<TpendicuIarly 
to  the  measuring  tape  which  acts  as  an  orthoplessimeter,  and  gives  a  fairly  true 
projection  of  the  cardiac  outline,  similar  to  that  given  by  the  orthodiagraph, 

DIAMETER    OF    TOE    CARDIAC   AREA, 

In  mapping  out  the  area  of  cardiac  dulness  the  position  of  the  apex  is 
given,  deaignatiug  the  level  of  rib  or  intersptice  during  quiet  respiration,  and 

the  numljer  of  c(*ntinu'tres  to  the 
left  of  the  midline  (Figs.  84  and 
94)  (ML).  The  level  of  upper 
border  at  the  left  sternal  margin 
is  given  and  also  the  distance  to 
the  right  of  the  midline  (MR) 
in  the  fourth  right  interspace. 
The  acutenesa  or  obtuseness  o  f 
the  angle  formed  between 
the  hepatic  and  the  cardiac 
tiulness  (cardiohepatic  angle, 
angle  of  Ebstein)  is  also  noted. 
In  ad(htion  to  this,  Moritz  and 
Dietlen  cull  attention  to  the 
importance  of  recording  the  two 
diagonal  diameters  of  the  heart 
flongituilinal,  L,  from  apex  to 
the  aortic  angle  of  the  dulness, 
and  transverse,  Q,  from  the  cardiohepatic  angle  to  the  upper  left  lx>rder, 
as  shown  in  Fig.  84).  Normal  figures  for  these  conjugates  according  to 
Dietlen  are: 


Fin.  94. — .\reaM  of  cardiac  dulne-"'  ■  m  .t 

normal  man.    The  mjj^r  fine  line  feprer.eij*j.  cttniiuf  »luU 
dob;  the  innrr  h«avy  line  represents  rardiac  flatae»N. 
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Dulness  In  Children. — la  children  the  heart  ia  proportionately  larger  and  tiea  more 
lraixflversw;!y  than  in  adults.  Sawyer  found  the  apex  outside  the  mammillary  hne  in  63 
|)er  cent,  of  500  young  children.  Veith  has  shown  that  the  cardiac  shadow  in  childrea 
extenda  exaotiy  twice  aa  far  to  the  left  &a  to  the  right  of  the  midline  (ML  :  MR  2:1). 

Chanj^es  in  the  Relative  Dulness. — The  relative  proportions  of  the 
various  conjugatea  undergo  quite  typical  changes  in  various  forms  of  heart 

disease.  In  weakening  of  the  right 
heart,  in  tricuspid  in.sufficient'v,  and 
tricuspid  stenosis  the  conjugate  MR  is 
increased  (dulness  increased  to  the 
-^^^;i^>^^  right) ;  in  hypertrophy  of  the  left  ven- 

tricle and  in  uiitrul  in.su Riciency,  dulnesa 
increases  to  the  left  (MR  increased), 
while  in  the  latter  condition  as  well  as 
in  mitral  stenosis  the  oblique  transverse 
diameter  (Q)  is  increased.  In  aortic 
disease  there  is  lengthening  of  the 
long  axis  (L). 

Cardiac  Flatness.^The  area  of  ab- 
^1  lA  ^  Bolute  dulnesa  or  cardiac  flatness  repre- 
sents the  portion  of  the  heart  which  is 
not  covered  by  lung  (Figs.  93  and  94). 
chud  of  It  forma  a  triangle  which  varies  very 
much  in  size  and  bears  no  relation  to  the 
size  of  the  heart  (Schieffer  and  Weber). 
It  is  best  mapped  out  by  very  light  percussion,  beginning  over  in  the 
fifth  left  interspace  at  the  left  sternal  margin ^  percussing  1  a  t  e  r  a  1  w  a  r  d 
and  upward,  passing  from  the  absolute  flatness  to  the  area  of  impaired 
resonance  instead  of  in  the  opposite  direction.  By  this  procedure  the  tran- 
sition from  absolute  flatness  to  sHght  resonance  occurs  suddenly,  whereas  on 
percussing  in  the  oppa^itne  direction  the  change  of  note  occurs  gradually. 

Variations  in  the  Area  of  Flatness. — In  the  primitive  mammals  (dog 
and  cat)  the  heart  docs  not  lie  in  close  apposition  to  the  chest  wall,  but 
ia  slung  rather  loosely  between  the  folds  of  the  mediastinum  and  com- 
pletely covered  by  lung.  There  is  no  area  of  flatness.  This  same  condition 
is  met  with  in  many  otherwise  normal  persons,  especially  in  the  long  flat- 
chested,  an<l  in  those  who  have  e.Ktremely  movable  hearts  or  general  mo- 
bility of  all  the  viscera  (visceroptosis,  enteroptosis,  page  699). 

Entire  absence  of  cardiac  flatness  is  also  found  in  the  exact 
opposite  type  of  chest,  in  the  barret-chest  patients  with  emphysema,  ii 
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Fio,  95. — Cardiac    outline* 
nine   yeara. 
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whom  the  exaggerated  efforts  at  inspiration  have  caused  the  lungs  to  be 
sucked  in  gradually  tetween  the  heart  and  the  chest  wall. 

On  the  other  hand,  the  area  of  cardiac  flatness  is  often 
enlarged  in  persons  with  flat,  rhachitic,  or  tuberculous  chests.  In 
hypertrophy  of  the  right 
ventricle  the  area  of  flatness 
is  enlarged  and  the  right  border 
becomes  oblique,  extending 
dowTiward  to  the  right  margin 
of  the  sternum,  often  interrupted 
by  step-like  protrusions  (Kroc- 
nig).  In  pericardial  effusion  it 
extends  well  into  the  fifth  right 
interspace. 

Changes  tn  Size  of  the 
Heart. — As  seen  in  the  investi- 
gations ujwn  cardiac  volume, 
the  size  of  the  heart,  and  hence 
the  area  of  cardiac  dulness,  is 
Bubjert  to  a  physiological  in- 
crease when  the  heart  is  slow 
and  decrea,se  in  size  when  it  is 
rapid  (Henderson,  see  page  9). 
This  decrease  in  size  is  especially 
noticeable  in  certain  cases  with 
rapid  hearts,  like  paroxysmal 
tachycardia  when  there  is  no 
heart  failure  nor  vasodilation 
(Hoffmann,  Dietlen).  An  in- 
creat*e  in  size  may  be  associated 
with  a  slow  pulse  or  with  in- 
spiration, hj'pertrophy  of  the 
heart,  or  with  a  pathological 
dilatation.  The  physiological 
condition  should  first  be  con- 
sidered before  assuming  the 
pathological. 

Chang^es  in  Position  of  the 
Heart. — (1)  Upon  changes  in 
posture.  Normally  changes 
in  posture  are  aecomptinied  by 
considerable  changes  in  the 
position  of  the  heart.  The  apex  may  move  3-5  cm,  when  the  patient 
turns  from  one  side  to  the  other,  always  moving  towards  the  side  which 
lower.  On  standing  a  similar  but  less  marked  change  occurs.  Moritz, 
ad,  later,  Dietlen  have  shown  that  the  area  of  the  cardiac  shadow  is  from 
en  to  thirty  per  cent,  smaller  on  standing  than  on  lying  down.  The  latter 
observer  confirms  Erlanger  and  Hooker  in  stating  that  the  pulse-pressure, 
and  hence  the  systolic  output  of  the  ventricles^  diminishes  correspondingly. 


Fnv.  vt., — Ojagrams  tUu«trating  the  movrmcnt?  of 
Uic  normal  heart  on  change  of  po«ture  from  side  to  nde 
(A),  anrl  in  the  various  phsMM  of  restpiratiun  (B).  Solid 
black  Hue,  norowl  cardiac  ouUine  in  quiet  brciathinc: 
dotted  line  {R),  oardiao  outline  with  patient  lying  on 
right  «ide:  broken  line  (L).  cardiac  outline  vith  patient 
lying  on  left  vide;  EXP  rboriiootal  dhading).  outline  In 
expiration:  /.V.SP  (vertical  ohaditiK),  canli&o  outline  in 
ionpiration.  The  movetnent«  ahown  in  thme  figuree 
rppr(««jit  the  upper  limits  of  normal  mobility. 
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The  diinini.shed  fiiiitig  uf  the  lioart  is  due  also  to  the  fact  that  the  pressure 
under  which  the  blood  enters  it  in  diastole  (venous  pressure)  is  lower  upon. 
standing  than  u|wn  lying  dowii. 

In  some  p(*ople  extreme  mobility  (6-8  cm.)  of  the  apex  is  found  (wan- 
dering heart) — a  condition  cjften  assoeiattnl  uitb  cardiac  neurasthenia  and 
palpitation,  and  even  paroxysmal  tachycardia.  C^hang(*s  in  position  of  the 
diaphragm,  upon  expiration,  inspiration,  or  intestinal  flatulence,  also  aflfect 
the  position  of  the  lieart,  especially  upon  staniling,  so  that  in  expiration 
or  flatulence  the  apex  is  pushed  up  and  the  heart  lies  more  trans- 
versely, while  in  inspiration  the  apex  falls  and  the  heart  lies 
more  nearly  in  the  long  axis  of  the  body  (Fig.  96).  As  can  be  reacJily  shown 
with  Henderson's  cardiometer,  the  former  position  interferes  with  the  cardiac 
filling  and  hinders  the  circulation,  while  the  latter  position  facilitates  both. 
The  amount  of  change  of  position  of  the  apex  is  normally  about  1-2  cm. 


AUSCtrLTATION. 

CHARACTER   AND   TIME   OF   THE    HEART  SOUNDS. 

The  beat  of  the  heart  is  accompanied  by  two  definite  sounds  ordinaril 
likened  to  the  syllables  "dub-tub"  or  "  ta-ta,"  the  first  sound  accompany- 

ing  systole,  the  second  occurring  just  at  the  beginning  of  diastole. 

fil'ECIAL  METHODS   FOR  THB   STUDY   OF   HEART   BOUN-DS. 

The  Telephone  Stethoscope. — S.  G.  Brown  Las  devised  a  telephone  relay  by  means 
of  wliich  it  in  pos'iible  to  intensify  the  telephone  currents  tuenty-folit,  or  using  two  relays 
in  tandem  four-hundred-fold.     8uch  iostrumenta  may  prove  of  value  for  demonstrating 
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Fig.  07. — Qnpbio  rvcorda  ot  the  hart  souocb.    (Kinrlnesti  of  Prof.  EiaUioven.)    Each  vertical  divUdoB. 

npnaoite  .02  «ec. 


heart  sounda  to  a  whole  amphitheatre,  or,  a^  Barker  siiKpeflta,  for  enablinK  pcnnanent 
records  of  the  heart  sounds  to  be  made  upon  a  p;raphophone  fur  use  in  medieal  society 
demonstrationa  or  in  the  teaching  of  phyeiral  diaf^nosis. 

It  has  already  been  used  for  auscuttation  of  the  heart  at  long  distanee,  and  the  heart 
sounib  of  a  patient  have  been  beard  by  physicians  a  hundred  miles  off  (from  London  to 
the  Isle,  of  Wight). 

Graphic  Methods  of  Recording;  (he  Heart  Sounds,— The  first  method  for  reeording  the 
heart,  sounds  was  inlrodu<fd  by  Douders  (1856)  and  revised  by  Marliua  (18SS),  who  merely 
beat  the  time  of  the  sounds  upon  a  receiving  tambour  and  recorded  the  movements  of  the 
Jcver^  Wilh  a  little  practice  it  waa  possible  for  the  observer  to  time  the  boats  with  a  con- 
siderable tlrgTi-e  of  aci'urafy,  though  never  sufficient  to  be  absolutely  reliable. 

II  u  e  r  t  h  1  e  was  ablo  to  cateh  the  sounds  upon  a  microphone  and  to  record  the 
duration  of  the  telephonic  currents  either  by  means  of  a  frog  nerve  muscle  preparation 
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or  by  means  of  an  electromagnet,  but  his  method  never  berame  i>ractieji.I.  IIo!o« 
win  ski  and  Marbe  have  also  obtained  records  of  a  change  in  Newton's  rings 
and  of  the  vibrations  of  a  Benaitive  flame  respectively,  but  none  of  these  have  been  of 
real  value. 

Einthoven  and  Geluk  were  the  first  to  make  really  fiatisfaetory  records,  by  catcb- 
ing  the  uounda  from  a  stethoscope  upon  a  microphone  and  leading  the  currents  through 
a  capillary  electrometer  who»e  moveraenta  were  photographed.  Since  the  introduc 
tion  of  the  Btring  galvanometer  in  place  of  the  capillary  electrometer,  this  method 
haa  pasBed  into  every-day  Use,  and  excellent  records  of  normal  and  abnormal  heart 
sounds  Lave  been  obtained  which  throw  a  good  deal  of  new  light  upon  the  problem* 
of  auscultation. 

The  heart  Bounda  must  be  recorded  in  a  quiet  room,  in  which  the  microphone  must  | 
be  kept  absolutely  Btationary,  free  from  the  slightest  vibrationa.  In  order  to  do  this,  it 
must  be  clamped  firmly  upon  a  plate  which  is  Busjwnded  from  the  ceiling  by  three  fioe 
wires  (Julius  suspension)  and  mafic  stable  by  heavy  weights  (40-50  pounds).  The  stetho- 
scope is  conne<!ted  with  the  microphone  by  mean.s  of  a  long,  thin-walled  rubber  tube,  .\boat 
two  feet  from  the  microphone,  the  rubber  tube  is  connected  with  one  arm  of  a  braaa  Y  tube 
fixed  firmly  to  the  wall.  A  second  arm  of  the  Y  tube  is  connected  with  an  open  rubber  ' 
tube,  whoijie  lumen  can  be  rcpilatcd  with  a«crew  clamp  in  order  to  prevent  mechanic^ 
vibrations  of  the  chest  wall  from  reaching  the  microphone.  The  third  arm  of  the  Y  is 
connected  with  the  tube  loading  to  a  small  (1  }i  in.)  glass  funnel  or  stethoscope  bell,  wluch 
is  either  held  directly  on  the  thorax  or  fixed  in  a  special  ii-shaped  holder  against  which  the 
patients  may  lean  without  giving  rise  to  vibrations. 

The    tube    and    funnel    as   well    as   the   microphone    must  b« 
absolutely    quiet    in    order    to    record    the    sound. s,    free    from^ 
external    vibrations. 

The  microphone  itself  is  now  connected  with  the  primary  coil  of  a  telephone  circuit,  I 
the  secondary  of  which  passes  through  shunts  bearing  a  rheostat  and  the  string  galvft-  ] 
nometer.  A  special  switch  must  be  employed  to  keep  the  galvanometer  out  of  the  circuit  ] 
at  the  instant  that  the  primary  current  is  ma4le  and  broken. 

A  galvanometer  which  gives  1  cm.  excursion  per  millivolt  (stanilard  delicacy  for  elec- 
trocardiograms) is  entirely  too  delicate  for  recording  the  heart  sounds,  and  the  thread  J 
mujst  be  either  very  much  tightened  or  the  smaller  form  of  galvanometer  used. 

Weiss  and  Frank  have  devised  instruments  of  a  differ-! 
e  n  t  type,  in  which  no  microphone  is  used,  but  in  w  h  i  «•  h  the! 
vibrations  of  a  membrane  set  in  motion  by  the  heart  sounds] 
are   magnified    and    recorded   photographically. 

O  .    Frank   places  a  small  mirror  upon  a  condom  membrane  stretched  arroas  th 
mouth  of  a  small  funnel.    A  beam  of  hght  is  thrown  obliquely  upon  this  mirror  and  reflected! 
u[Jon  the  slit  of  a  pholo-regwtration  apparatus.    The  funnel  is  connecteil  with  thestetho-^ 
scope  as  for  the  Einthoven  apparatus,  and  the  oscillations  are  photographed. 

Unfortunately,  Frank's  curves  represent  a  combination  of  phonogram  and  cardio- 
gram, and  are  therefore  not  entirely  satisfactory  for  many  purposes,  although  the  rapid 
vibrations  due  to  the  heart  sounds  are  so  characteristic  that  they  can  scarcely  be  confused 
with  the  much  slower  \ibrationa  due  to  the  heart's  niovomcnts, 

Weiss*   phonoscope,  which  is  a  much  more  delicate  instrument,  and, ) 
ing  to  its  author,  more  sensitive  even  than  Einthoven 's,  con.<«istd  essentially  of  a  clo 
chamber  containing  a  funnel  1  cm.  in  diameter,    llie  mouth  of  the  funnel  is  covered  witl 
a  film  of   soap-bubble,    in  the  centre  of  which  resta  an  lumped  order  of  c^pit 
lary  glass  tubes,  whose  movenionta  are  magnified  with  a  microscojw  and  are  i^rojected  upoal 
a  photo-registration  apparatas.    The  soap  film  may  last  three  hours. 

Gerhartz,  who  has  made  use  of  the  same  apparatus,  finds. that  membranes  of 
collodion  may  be  substituted  for  those  of  soapsuds  and  are  much  more  permanent  and 
easier  to  use.    Condom  membrane  is  far  less  sensitive. 

Still  more  delicate  than  this  is  the  micrograph  of  Crehore  (p£«e  76).  m 

Reproduclton  of  the   Heart   Sounds. — Weiss  and   Joachim  have  sucw^ssfully  reprofl 
duced  the  original    heart  sounds  from   the  cardiophonographic   curves  by  cutting  out 
the  curv'e  upon  a  piece  of  cardboard  and  passing  it  rapidly  between  an  arc  light  and  a 
photo-«ensitive  selenium  cell.    "WTierever  the  high  points  of  the  curve  cut  off  the  light 
the  conductivity  of  the  selenium  cell  changed  and  a  telephone  current  was  produced 
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inis  method  was  very  satisfactory,  but  it  is  nect'ssary  to  make  use  of  a  selenium  cell 
of  ver>'  low  resistance  (less  than  300,000  ohms).  The  reaiatanee  of  the  ordinary  cells  ia 
loo  great  for  the  purpose. 


CUnical  Diagram  for  Heart  Sounds. — In  many  text-books  the  heart 
sounds  are  represented  graphically  in  various  ways,  but  it  seems  to  the 
writer  that  the  b<^st  is  to  indicate  the  occurrence  of  the  sounds  directly  upon 
a  simple  diagram  which  indicates  the  relation  to  the  auricuhir  and  ventricular 
contractions,  as  shown  in  Fig.  98.* 


CAUSES   OF   THE   HEART  SOUNDS. 

First  Sounds. — Harvey  states  that  "  when  there  is  the  deli  very  of  a 
quantity  of  blood  from  the  veins  to  the  arteries,  a  pulse  takes  place  which 
can  be  hearil  within  the  chest/'  Laennec  (1819)  was  the  first  to  describe 
the  character  of  the  sounds.  He  regarded  the  first  sound  as  due  to  ventric- 
ular systole,  though  he  thought  the  second  to  be  due  to  the  contraction 
of  the  auricle.     In  1836f  C  J.  B.  Williams  and  a  committee  of  the  British 

P  Medical  Association  investigated  the  heart  sounds  experimentall>\  He 
believed  that  the  first  sound  was  largely  of  muscular 
origin,   like  the  contraction  sound  of  skeletal  muscles,  because  it  could  be 

J  heard  upon  the  exciscil   heart  t^ven   when  tlie  auriculoventricular  valves 
the 
tra< 
b)(H 
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Fro.  98. — Diasram  for  representing  the  heart  doundis  in  cUniciil  not««.  Upper  eurve  repreMtiU 
the  rveot*  ol  the  cikrdiao  cycle,  the  stnaill  auricular  coDtractioa  followed  by  the  larger  ventricular  con- 
traction. Lower  line  represent*  the  heart  aounds.  True  heart  (wunds  are  represented  by  iwiidly  shaded 
bloclu,  whose  height  iodieatea  their  iiitenaity  and  wboM  breadth  iadicatea  their  duration. 


were  held  open  with  the  fingers,  but  the  second  sound  could  not  l>e  heard 

unless  the  iiortic  or  pulmonic  valves  closed.  This  view  was  substantiated 
by  Ludwig  and  Dogiel;  but  Sibson  anti  Broadbent  found  that  in  the  exposed 
heart  of  the  ass  the  first  *w:iund  l>egins  with  a  sort  of  rumble,  which  disappears 
when  the  blood  flow  is  shut  off  by  tying  the  vena;  cava?.  This  rumble 
they  ascribe  to  the  movement  of  the  auriculo- 
ventricular   valves. 

Graphic  records  of  the  heart  sounds  by  Einthoven,  Flohil,  and  Battaerd 
have  shown  that  the  first  sound  in  man  begins  at  the  beginning  of  ventric- 
ular systole  and  lasts  .07  to  .10  sec.  It  is  loudest  at  its  very 
beginning,  is  decreacendo  in  character,  and  is 
almost  completed  before  the  aortic  valves  open,  — 
[se.f  before  the  hciirt  had  begun  to  pump  blooil  into  the  aorta.  The  first 
iind  is  followed  by  the  short  pause,  which  usually  lasts  .15  to  .25. sec,  and 


'  Tims  in  cases  of  mitral  Htenoeia  (see  page  447)  the  firfit  sound  may  be  short  and 
tapping  in  character,  though  tracingB  show  the  eyetole  to  be  of  duration  no  le^  tJian  tliat 
tnet  with  in  the  absence  of  tupping  character  (Hirschfelder), 
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which  is  then  followed  by  the  second  sound.  Einthoven's  results  have  been 
confirmed  in  man  by  the  records  of  Wdss  and  Joachim,  Hess  and  Frank,  a.>« 
well  as  by  Prof.  Barker,  Dr.  Bond,  and  the  writer.  In  the  dog,  R.  H.  Kahn 
has  shown  that  the  duration  of  the  first  sound  is  exactly  coincideDt  with  the 
period  during  which  the  intraventricular  pressure  is  rising,  while  the  dura- 
tion of  the  short  pause  is  exactly  roincidont  with  the  systolic  plateau. 

Sahli  and  other  clinical  observers  believe  that  the  first  sound  at  the 
aortic  iirea  Ijogins  later  than  that  at  the  a|>ex  and  is  due  to  the  rush  of  blood 
from  the  ventricle  into  the  aorta;  and  the  graphic  records  of  Fahr  (Heart, 
1912-1913,  iv,  147)  show  that  the  first  pulmonic  sound  begins  .02  to  .04  second 
after  the  first  sound  at  the  apex. 

However,  the  first  sountl  lieard  on  listening  in  the  suprasternal  notch  is 
often  split;  and  it  is  (x>ssible  that  the  latter  portion  of  this  sound  is  due  to  just 
such  a  forcible  distention  of  the  aorta. 

The  valvular  element  of  the  sound  is  probably  brought  about  when  the 
valves  are  thiown  into  tension  by  the  ventricular  systole,  for  Fahr  has  shown 
that  the  first  sound  tiegins  mth  the  rise  of  intraventricular  pressure,  about 
.01  second  before  the  summit  of  the  R  wave  on  the  electrocardiogram.  There 
is  no  evidence  that  the  normal  sounds  are  brought  about  by  eddy  currents 
like  those  which  produce  thrills  and  murmurs  nor  does  the  systole  of  the 
nonnat  auricle  take  part  in  the  production  of  the  first  sound,  though  Bridgman 
has  sho'wn  that  it  may  cause  a  presystolic  sound  (Fig.  104). 

Hess  and  Frank  believe  that  the  movement  of  the  heart  within  the 
chest  and  perhaps  against  the  chest  wall  (systolic  erection)  may  be  an  impor- 
tant factor  in  the  production  of  the  first  sound.  This  might  explain  why 
the  heart  sounds  are  occasiontilly  inaudible  in  emphysematous  persons  in 
whom  the  organ  is  separated  from  the  chest  wall  by  a  layer  of  lung.  On 
the  other  hand  this  factor  is  shown  to  play  only  a  minor  rdle  by  the  fact 
that  the  first  sound  may  l>e  heard  in  its  normal  intensity  in  the  exposed  and 
even  the  suspended  dog's  heart. 

Second  Sound. — The  second  sound  has  l)een  shown  by  C.  J.  B,  Williams 
and  the  British  Commission  to  accompany  the  closure  of  the  aortic  and 
pulmonary  valves,  to  be  modified  when  these  valves  are  injured,  and  to 
disappear  when  they  arc  held  against  the  vessel  wall.  It  lastsabout  .05  second. 
It  is  loudest  when  the  blood-pressure  is  high,  when  the  valves  are  thicker 
and  .more  rigid  than  normally,  or  when  the  vessel  walls  are  more  elastic 
than  usual,  the  intensity  varying  at  different  times  of  life  and  under  patho- 
logical conditions. 
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METHODS     OP     AUSCULTATION. 

Monaural  Stethoscope. — The  monaural  stethoscope,  introduced  by 
Lacnnee,  is  a  simple  wooden  tube  surmounted  by  a  flat  disk  acting  as  an 
ear-piece  anfl  resonator.  The  tube  is  pressed  against  the  chest  and  the  ear 
laid  upon  the  disk,  so  that  the  obser\'er  receives  at  once  the  sound  and  the 
thrill  in  the  wood  transmitted  directly.  Obviously  this  method  accentuates 
the  notes  of  low  pitch  which  are  nearest  to  the  essential  tone  of  the  instru- 
ment (and  constitute  most  of  the  normal  sounds),  as  well  as  those  of  relative 


^ 


PHYSICAL  EXAMINATION. 


167 


I 


BAD 


COOO 


I 

■ 

to< 

I  diff 

■    the 


loudness,  which  cause  it  to  vibrate  mechanicaliy.  Hence  it  is  particularly 
adapted  to  the  detection  of  pre8ystolic  and  other  rumbling  murmurs,  and  is 
the  method  used  almost  exclusively  outside  of  the  United  States. 

Binaural  Stethoscope. — In  the  United  States  the  binaural  stethoscope 
is  in  more  K*^'n<'ral  use.  This  consists  essentially  of  a  small  receiving  bell, 
which  is  placed  upon  the  chest  wall,  and  from  which  two  tubes  lead  ofiF  to 
small  rubtjer  ear-pieces  which  fit  tightly  into  the  external  auditory  meatus. 
The  most  important  essentials  in  these  three  forms  are,  (1)  a  bell  composed 
of  various  materials — ivory,  wood,  celluloid,  or  hard  rubber — provided  with 
a  sufficiently  large  air  space  at  the  tip  (Emerson);  (2)  ear-pieces  perfectly 
fitting  the  ear  of  the  individual.  It  is  safe  to  say  that  more  errors  of  auscul- 
tation result  from  poorly  fitting  ear-pieces  than  from  real  inefficiency  on 
the  part  of  the  listener.  (3)  In  stethoscopes  in  which  the  ear-pieces  are  held 
in  the  ears  by  a  spring  this  should  not  exert  excessive  pressure  lest  it  produce 
sounds  within  the  ear  from  the  prt»ssure  on  the  drum. 

There  are  three  main  forms  of  liinaural  stethoscope:  (1)  those  with 
rigid  tubes  (Gannett's),  (2)  thosse  with  «oft  rubber  tubes,  (3)  those  with  soft 
rubber  tul)es,  flat  bells,  and  a  small  elastic  disk  of  metal  or  celluloid  to  act 
as  a  resonator  (Bowles).  Of  these  three  forms  it  may  be  said  that  the  rigid 
tubes  certainly  convey  the  sounds  somewhat  better,  but  this  is  often  more 
than  compensated  for  by  the  better  fitting 
of  the  ear-pieces  in  stethoscope^  with  soft 
rublxT  tuljes.  In  stethoscopes  with  disks 
certain  sound  waves,  and  particularly 
those  of  high  pitch  (.soft  blowing  nmr- 
murs),  are  accentuated,  while  other  sounds 
raay  be  rt'tativcly  suppressed.  Moreover, 
any  movement  of  skin  or  hair  over  the 
disk  may  give  rise  to  a  sound  simulating 

a  friction,  and  this  source  of  error  must  be  carefully  excluded.  Hair  should 
be  moistened,  and  a  small  bell  should  be  used  with  perfect  approximation  to 
the  skin  thnjughout  its  circumfi-re^nce. 

Alteration  of  Sounds  by  Pressure. — Emerson  has  shown  that  many 
murmurs,  especially  presystolic  and  snapping  sounds,  are  diminished  or 
obliterated  by  pressure  with  the  stethoscope,  while  certain  others  are  inten- 
sified by  pressure,  and  that  this  is  dependent  upon  the  pitch  of  the  sound 
and  not  upon  the  site  of  its  production.  It  is  therefore  important  for  the 
observer  to  listen  carefully,  first  with  the  lightest  possible  pressure  upon 
the  stethoscope  and  then  with  gradually  increa.sing  pressure.  He  should 
do  this  consciously  and  as  a  matter  of  routine,  rather  than  allow  such  sounds 
to  escape  him  or  stumble  upon  them  by  accident. 

Moreover,  since  the  monaural  and  Ijinaural  stethoscopes  each  intensifies 
different  sounds,  both  should  be  used  in  any  important  or  dubious  case  before 
the  examination  is  concluded. 

Differential  Stethoscope. — This  consists  of  an  ordinary  binaural  stet ho- 
tpe  in  which    each    ear- tube    leads    to    a    separate    bellbr 
funnel.     If  one  bell  is  placed  over  the  mitral  area  and  tho  other  over  the 
aortic,  the  observer  is  able  to  listen  with  one  ear  to  the  sounds  produced  at 


Fio.  09. — Cbuice  of  stetliu»cop«  bclU. 
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the  two  areas  at  the  same  time,  and  to  use  the  more  normal  sound  as  time 
mark<^r  for  the  other.  By  squeezing  the  tube  or  lifting  the  bell,  it  ifi  possible 
to  diminish  either  sound  at  will. 


VALVULAR  AREAS   IN  AUSCULTATION. 


1^"         The  various  cardiac  sounds  are  Ijest  heard  over  certain  definite  locations  , 
corresponding  more  or  less  to  the  structures  in  which  they  arise,  but  par-j 
ticularly  to  the  courne  of  the  blood  current  and  to  their  mode  of  origin  (Fig,! 
lOG).    Thus  the  sounds  produced  in  the  left  ventricle  are  best  heard  at  the' 
apex;  those  produced  at  the  aortic  orifice,  though  produced  behind  the  ster- 
num, are  beard  just  to  the  right  of  it  in  the  second  interspace;  the  jiulmonary 
sounds  are  carried  to  the  second  left  interspace  at  the  sternal  margin ;  while 
the  sounds  from  the  right  ventricle  are  heard  over  the  entire  lM>dy  of  the 
sternum,  over  the  greater  part  of  the  area  of  absolute  dulness,  and  over  the 
bai^e  of  the  eiiyiform  cartilage.     Abnormal  sounds,  murmurs,  etc.,  have, 
however,  a  different  distribution,  which  will  be  discussed  later. 

Normally  the  first  sound  at  the  apex  and  ever>'where  else  below  the  third 
rib  is  louder  than  the  second  sound.    It  is  also  of  longer  duration  than  the , 
latter  (.08  second  as  compared  to  .05).    Over  the  aortic  and  pulmonic  areas 

it  becomes  somewhat  fainter,  be- 
gins a  trifle  later,  and  is  of  longer 
duration  than  over  the  apex.  The 
second  sound  is  then  louder  than 
the  first. 

The  second  sound  at  the  sec- 
ond left  interspace  (pulmonic  sec- 
ond) is  usually  louder  than  that 
over  the  second  right  (aortic  sec- 
ond) up  to  the  age  of  25  to  30. 
when    the    latter    becomes    the 
louder    (Cabot).*      This    varies 
greatly  in  different  individuals. 
Mere  changes  in  blood-pressure 
are  not  sufficient  to  account  for 
all   these    conditions,   since   the 
pressure  in  the  pulmonary  artery  is  never  more  than  half  that  in  the  aorta, 
but  proximity  to  the  sternum,  greater  elasticity  of  the  walls,  etc.,  combine 
to  bring  about  the  relative  loudness  of  the  second  pulmonic  sound,  and 
therefore  any  further  increase  in  pressure  in  either  artery  alters  the  relation 
of  the  two  sounds  to  each  other,  increased  pulmonary  pressure  increasing 
the  pulmonic  second,  increased  general  blood-pressure  increasing  the  second 
aortic,  etc.     The  progressive  thickening  of  the  aortic  semilunar  valves  after 
the  age  of  30  also  contributes  to  the  intensity  of  the  sound. 

Other  Sites  for  Auscultation. — Boy-TeiasieT  has  also  recommended  auscultation  in  the 
flupr  a  sternal  notch,  pressing  the  bell  of  the  etethoBCope  aa  far  down  behind  the 
manubrium  as  possible.    In  this  way  he  states  that  he  can  hear  aortic  diastolic  murmur 

*  Directly  over  the  exposed  aorta  the  sound  ia  louder  than  over  the  exposed  pulmonary 
art«ry.    (Thayer.) 


Fio.  100.— Tlie  "valvular  ttreas." 
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not  otherwise  auclil»le.  He  thinks  that  he  is  also  better  able  to  dLstinguish  the  character  of 
aortic  systolic  murmurs.  The  method  has  never  ^aineil  pemTiil  usage,  and  the  writer  ia 
unable  to  find  in  it  any  of  the  advantage*  elaimcMl  by  Boy -Teissier.  The  chief  value  of 
auprastemol  auscultation  is  found  in  persons  whane  heart  sounds  are  feeble  or  inaudible 
over  the  precorthum.  It  must  be  borne  in  mind,  howe%-er,  that  the  mitral  mumuirs  are  not 
well  transmitted  to  tliis  region,  and  that  the  first  sound  heard  there  is  frequently  redupli- 
cated or  split. 

Another  form  of  auscultation  not  in  general  use  is  the  auscultation 
through  the  s  t  o  ra  a  c  h  -  t  u  b  e  ,  introduce  as  for  a  tracing  from  the  left  auricle. 
This  methotl,  first  ti.sed  by  \.  Hoffmann  in  1892,  has  been  revived  by  Gerhartz,  but,  though 
it  might  thniw  some  light  ujxvn  the  nature  of  an  occasional  mitral  murmur,  it  is  in  general 
difficult  and  very  inconvenient,  to  carry  out;  and  in  nmny  cases  at  least  the  murmurs  are 
no  better  heard  than  over  the  chest  wall.  Nevertheless  where  it  is  important  to  know 
whether  a  murmur  is  conducted  back  into  the  left  auricle,  a  ixwitive  finding  by  this  wouiil 
be  conclusive, 

EMBRTOC.4RDIA. 

Ordinarily  the  diastolic  pause  between  sounds  is  longer  than  the  sys- 
tolic period,  and  the  interval  between  the  seconti  sound  of  one  cycle  and 
the  first  sound  of  the  next  is  longer  than  the  interval  between  the  first 
and  second  sounds  of  the  same  cycle.  However,  when  the  heart-rate  is 
very  rapid,  the  diastolic  pause  may  become  shortened  to  about  the  same 
interval  aa  that  between  the  first  and  secontl  sounds  (long  pause  = 
short   p  a  u  s  e )  ,  so  that  the  sounds  succeed  one  another  at  uniform  inter- 
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iirapliic  rerords  of  Ihp  fetal  h«iart  sDunds.     (After  Weiss  and  Joachim.) 


vals  like  the  ticking  of  a  clock.  This  rhythm  is  heard  normally  over  the 
fetal  heart  and  hence  has  been  termed  embryocarclia  or  fetal  rhythm.  It 
also  occurs  in  adults  when  the  rate  is  vcn-  rapifl  (120  and  over),  and  hence 
under  conditions  in  which  the  heart  is  under  an  abnormal  st/rain  (see  page 
317),  as  in  fevers  with  high  tem|X!rature,  acute  heart  failui^,  and  acute 
overwork  of  a  chronically  diseased  heart,  also  in  cases  of  paroxysmal  tachy- 
cardia and  allied  conditions.  Its  absohite  significance  is  simpiy  tliat  of  the 
rapid  heart-rate  to  which  it  corresponds. 


ACCESSORY   HEART  SOUNDS. 
REDUPLICATED    SOUNDS    AND    GALLOP    RHYTHMS. 

Reduplicated  Sounds. — Occasionally  one  or  the  other  of  the  two  normal 
heart  sounds  is  replaced  by  two  clear  sounds,  or,  in  other  words,  thei-e  is  a 
reduplication.  This  reduplication  may  occupy  the  place  of  either  the  first 
or  the  second  sound,  and,  as  already  noted  by  Skoda,  it  may  seem  to  be 


due  to,  (1)  splitting  of  the  normal  sounds  into  two  distinct  portions,  or 
(2)  pressure  of  an  accessory  sound  besides  the  normal  sound,'  being  in  the 
latter  case  presystolic  (before  the  first  sound),  p  r  o  t  o  d  i  a  s  t  o  1  i  c 
(shortly  after  the  second  sound),  or  m  e  s  o  d  i  a  s  t  o  1  i  c  (in  mid-diastole). 
The  relation  of  groupa  1  and  2  to  one  another  and  to  the  cardiac  cycle  is 
shown  in  Fig.  103. 
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Fio.  103. — Diagram  illuaUikting  the  upliit  »t)unds  and  gallop  rliythm*  and  their  phonetic  equivaleuta. 

As  to  the  causiilirtii  of  thpstj  abnormal  soumls,  little  defmite  is  known.  .\  great  deal 
of  the  iiulefinitonesK  which  fKjrmeaUTs  the  enamioUR  hteratun?  ujton  tlic  suhject  is  due  to 
tlie  failure  of  the  writers  to  di.stin^i.sh  clearly  betwwn  the  dilTerent  fornvs  with  which 
they  are  dealing.  The  presystolic  and  protodiafitoLic  forms  are  f^rouped  under  one  head 
re^ardtess  of  their  relations  lo  mechanism  or  etiology;  it  is  mainly  <lue  to  tlie  wrilers  of  the 
French  school  under  the  leadership  of  IVvtiiiu  that  the  dilTercatiatitin  hiv^  reached  even  its 
present  stage  of  development.  L.  Bard,  of  Geneva,  has  recently  given  an  excellent  analysis 
of  the  subject  fmni  this  stand- point. 

According  to  Bard,  the  two  main  groups  of  accessory  souuda  are: 

(1)  The  prefiystolic  gallop  redupUcation  (t»i-tA-tdt)  or  tii  U  tat,  to  which  the  lerni 

gallop  rhythm  should  be  Uiniled,  most  commonly  mL*l  in  nephritics  with  cardiac  hyper- 
trophy and  in  other  heavily  beatint;  heartfi. 

(2)  The   prototUastolic   sound   tii  tu  ta  (lub-dub-ila),  called   by  Bonillaud   bruit    de 

11 

mppe!, — "sound  of  recall"  or  'Miafitolic  echo," — fre<|iiently  heard  at  I  he  ufiex  in  mitral 
stenosis.  Bard  thinks  that  the  above-nientionetl  accessory  Bovmds  are  to  be  regarded  as 
merely  the  exaggeration  of  vibrations  iiormaHy  present  but  normally  inaudible. 

Split  Sounds. — The  sounds  (tlat-tat;  tat-tatl)  are  characterized  by  the 

1  J  1  2 

absolute  similarity  and  short  interval  between  the  two  portions,  and  may 
Im?  due  either  to  slight  asyiichronism  of  the  two  ventricles  (C.  J.  B.  Williams, 
1836,  Skoda,  Gibson,  1S74)  or  slight  separation  of  two  parts  of  the  ven- 
tricular sound,  which  are  of  different  origin  but  ordinarily  fused. 

Aa  has  been  seen,  the  ventricular  sound  contains  both  a  valNiilar  (auriculoventrio 
ubir)  and  a  miuscular  element,  umJ  perhaps  also  an  element  due  to  the  stretching  of  the 
walU  of  the  aorta.  Byrd  thinks  ihat  variatitm  in  either  the  mu-MCular  or  the  valvular 
element  might  give  rise  to  (heir  8e[>aration  into  two  sounds.  The  que.stirm  of  a^iynchmni^m 
of  the  two  ventricles  which  arises  in  this  connection  is  one  which  was  long  without  an 
experimental  basis,  but  the  recent  obserAution.s  of  StaAsen,  Kruus  arul  Nikolai,  and  Hew- 
lett indicate  the  jwesibility  that  it  may  occur  clinically.  Stas-ten,  in  Fretlericq'B  labora- 
tory. ha,s  recorded  asynchronous  contractions  of  the  two  ventricles  when  the  latter  were 
recovering  from  vagus  inhibition,  and  also  with  ventricular  extra.'tystoles  produced  during 
periods  of  vagus  inliibition.  llie  writer  lias  on  one  occa.sioii  heard  a  s[)lit  first  sound  in  an 
animal  in  which  the  contractions  of  both  ventricles  were  being  recorded  with  myocardio- 
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graphs.    The  ventricular  contractions  were  slightly  asvTichronous.    In  a  number  <Ai 
instances  in  which  no  sjplit  first  sound  omild  be  heard  the  contraotiona  wereab 
synchronous.    Eppinger  and  Stocrck  have  confirmed  these  observations  (see  page  108)/ 

The  splitting  of  the  first  sountl  is  l>est  heard  over  the  base  and  bodfl 
of  the  hearty  in  contrast  to  the  accessory  sounds  which  are  best  heard  at  [ 
the  apex  {see  below).  Ah  t<j  the  sphtting  of  the  second  sound,  this  likewi»j 
may  be  due  to  slight  asynchronifim  of  the  two  ventricles,  or  to  the  fact  tliilJ 
even  without  this  the  semilunar  valvf*8  may  not  close  at  exactly  the  sanKj 
instant-  It  is  often  possible,  by  passing  the  stethoscope  along  the  seooDd] 
right  and  left  interspaces,  to  determine  which  second  sound  lags  behind. 

It  must  be  added,  however,  that,  as  Bard  himself  states,  no  accurat**  j 
knowledge  of  either  the  split  sounds  or  the  accessor}'  sounds  can  be  gained  j 
until  they  are  registered  graphiciilly  by  cardiophonographic  methods  along  | 
with  simultaneous  venous,  arterial,  or  cardiographic  tracings,  so  that  their 
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Fig.   l(M. — Or*phi<?  it*       i  u.    iiiillop  rhytluii   uud  f<iiin    ^^^^^.^  .„,,..._ .^j 

PRE.,  pTtvyntolio  rumble;  SYST.,  systolic  ngurnmr;  1.  fimt  heart  Bound,  3  A,  B,  two  porta  of  aplii  iecoMi 
•ound  (.04  Mc.  apart).   (After  Weua  and  Joarhim. l    B   Audible  auricular ftouod  (presystolic  gallop  rhytha)>| 
Preayfltolic  sound  shown  by  arrowi.    Protodi»»totic  saJlop  Bound  abown  by  3.    {After  E.  W.  Brid 
ArcL  Int.  Med..  Ifl14.  xiv.  474.) 


exact  relation  to  the  cardiac  cycle  may  be  determined,  Fo  rapid  is  the 
sequence  of  the  sounds  that  in  an  individual  case  the  differentiation  between 
split  and  accessorj^  sounds  is  often  difl&cult. 

Reduplication  of  tite  First  Sound  from  Pericardmt  Adhesions. — Reduplication  of  tlie 
first  Round  is  alao  beard  in  a  number  of  cases  in  which  otd  p(^^ica^dial  and  pleural  adheaioia 
are  found  at  autopsy  (Sewall),  which  may  be  easily  understood  to  give  an  abnomial  sound 
in  systole.  Juat  now  commonly  this  group  occurs  has  not  been  oletermined  stalisticaliy, 
but  under  these  conditions  it  need  not  signify  any  disturbance  of  function.  J 

Presystolic  Gallop  Rhythm.^Exchaquet  (1875),  Johnson  (1876),  Kriege 
andSchmall  (1891),  Friedrich  MuUer  (1906),  G.  C.  Robinson  (1908),  and  others 
have  thought  that  the  first  sound  of  gallop  rhythm  was  produced  by  the  auricu- 
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lar  systole,  a  view  revived  by  Sewall,  Moreover,  the  writer  has  been  able 
to  show  upon  the  excised  heart  that  when  the  ventricles  become  overfilled 
under  a  slight  pnositive  pressure  the  auriculo ventricular  valves  may  open 
along  only  a  small  part  of  their  hue  of  closure.  This  gives  rise  to  a  functional 
stenosis  at  the  point  at  which  they  open,  a  fact  which  may  play  a  r61e  in  the 
production  of  audible  vibrations.  As  far  as  the  time  of  occurrence  of  presj's- 
tolic  gallop  rhythms  is  concerned,  the  question  wtis  settled  by  the  Rraphic 
records  of  E.  W.  BriLlgman  (Arch.  Int.  Med.,  1014,  xiv,  474),  Bridgman's  trac- 
ings show  a  small  wavelet  which  occurs  .07  sec.  before  the  first  heart  sound. 
He  encountered  this  wave  frequently  among  healthy  normal  school-boys. 

Many  of  the  conditions  under  which  presystolic  gallop  rhythm  is  en- 
countered, such  as  overstrain,  high  blood-pressure,  mitral  stenosis,  etc.,  are 
of  such  a  nature  as  to  indicate  that  the  sound  may  l>e  produced  when  both 
the  ventricles  and  the  auricle  are  overloaded  so  that  the  latter  is  stimulated 
to  very  forcible  contractions,  and  on  the  other  hand,  the  auriculo  ventricular 
valves  are  kept  closed  on  account  of  overloading  of  the  ventricle.  Indeed, 
R.  Oflfenbecher  (Arch,  exjwr.  Path.  u.  PharmakoL,  1914,  Ixvi,  1)  has  produced 
just  such  a  gallop  rhythm  experimentally.  He  did  so  by  producing  a  tempor- 
ar>'  mitral  stenosis  in  animals  by  the  method  of  Hirschfelder,  and  gradually 
tightening  the  ligature  until  the  left  auricle  became  overloaded  and  began 
to  earn,'  out  contractions  of  increased  force.  At  this  stage  an  audible  sound 
was  present,  which  corresponds  closely  to  the  sound  recorded  graphically  by 
Bridgman. 


The  numerous  reviews  of  the  literature,  such  as  those  of  Obrastow,  Pawinski,  Robin- 
I,  shed  no  further  light  upon  the  subject. 


Clinically,  the  presystolic  gallop  rhythm  is  usually  met  with  in  cases 
with  rapiit  hypertrophied  heart,s  which  are  under  a  slight  overstrain,  ay  in  the 
claKsical  group  of  chronic  nephritis,  chronic  cardiac  iliseast*,  aneurism,  ctises 
with  artoriiisclerosiy,  exophthalmic  goitre,  mitral  stenosis,  and  acute  fevers. 

Protodiastolic  Gallop  Rhythm. 
Third  Heart  Sound.— The  r61e  of  the 
protodia.'^tdlic  sound  (bruit  de  rappel, 
diastolic    echo)     seems     to    l>e    more 

I    definitely  established.    Though 
already  heard  by  Bouillaud  in   1835, 
in  mitral  stenosis,  its  occurrence  waa 
emphasized  by  Duroziez  (1874)  and  by 
Sansom  (1881),  who  term  it  the  "open- 
ing snap"   of  the  mitral   valve,  intli- 
cating  that  it  was  brought  about  by  the  opening  of  the  stiffened  valve. 
Barie  (1893)  and  Thayer  (190C)  called  attention  to  it^  occurrence  in  normal 
^     intiividuals.     In  1907  the  writer  observed  this  sound  in  a  normal  indi\ndual 
^ft    with  a  slow  and  vigorous  heart,  whose  venous  pulse  showed  a  peculiar  extra 
1^    wave  (Fig.  106,  k)  which  follows  the  inflow  of  blood  into  the  ventricle 
(as  indicated  by  the  normal  v  wave,  Fig.  106,  page  174). 

The  writer  also  called  attention  to  the  fact  that  this  wave  bore  a  close  relation  to  the 
end  of  the  rapid  filling  of  Iho  heart  (or  tiiastolc  proper)  upon  the  volume  curve  of  the  ven- 
tricles, and  that  Heniiers-ui  had  claimed  that  at  this  time  the  mitral  vaK'os  and  tricuspid 
were  closed  by  the  elastic  recoil  of  the  heart  walla.    That  this  actually  takes  place  and  is 


Via.  105.  —  Gnphie  record   of  the  third  heart 
sound.    (KiDdnen  of  Prof.  Eiatbovcn.) 
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dependent  uf>on  a  hiph  venous  pressure  can  be  shown  on  the  dead  heart  by  pouring  water 
into  the  ventriclea  from  a  beaker  after  the  auricles  have  been  cut  off  in  the  manner  devised 
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Frn.  lOfi. — JitgitlAr anrl  carotid  tracinsfi  from  a  normal  individuiil  Mitli  a  wpll'trinrked  third  heart 
Bound,  showing  a  large  A  And  a  ^nuiller  preauricular  wave  (w),  ?  irulicato?  a  itmnil  wave  iu  middiastole 
following  the  A  wave,  ocauioaally  /oudiJ  tliough  p«rhapei  an  artefact. 

by  Bnumparten  (1843).  If  the  water  is  poured  from  just  above  the  valves  (hey  merely 
float  out  a  little  lowmrd  the  middle  of  the  orifice;  if  from  the  height  of  about  10  em.  they 
float  into  appiwition;  if  from  50  cm.  above  they  are  left  tightly  closed  when  the  flow  ceases. 
Thej«  observations  have  been  confirmed  recently  by  C  Liau  in  FranvoLs-Franck's  labora- 
tory, llirschfeider  also  BUggeste<l  that  this  clos- 
ure of  the  valves  ma>'  be  sudden  and  vigorous 
enough  to  cause  a  sound.'  The  relation  of  this 
sound  to  this  portion  of  diastole  seemed  quil« 
"lefinite  by  compurison  with  a  grap>))ic  record  of 
this  sound  made  at  about  the  same  date  by 
Einthoven  (Fig.  105).  which  shows  it  to  occur 
O.IS  second  after  the  second  sound.  This  ex- 
■    1^^^  planation   ha.s   alnt]   been  supj-wrted   by   A.  Q. 

^LVi'    ^^H  Ciihiion  and  I'rofessur  Thayer.    The  tracings  of 

Ilobinson,  who  was  investiKatinp  the  subject 
from  a  different  stand-point,  have  also  shown 
the  constant  presence  of  the  h  wave  upon  the 
venous  tracings  accompanying  this  sound.  Rob- 
inson and  Thayer  have  al.«TO  shown  that  it  accom- 
panies a  wavelet  p  upon  the  cardiogram  in  early 
tliastolo  (Fip.  US,  I,  page  155),  probably  due  to 
the  filHrig  of  the  ventricles.  They  find  this  wave 
upon  the  cardiogram  in  almost  all  cases  of  pro- 
todiustolic  gallop  rliylhm,  and  reganl  it  as  char- 
acteristic of  the  latter.  Thayer  has  tlemonstrated 
that  it  cannot  be  an  flrt.efact ,  Hince  it  is  often 
both  viBible  and  palpable.  Ven- 
ous tracings  made  from  animals  by  Eyster  alon^ 
with  the  volume  curves  of  the  ventricles  show 
that  the  foot  of  the  h  wave,  or  moro  exactly  the 
trough  of  the  depression,  marks  the  end  of  the 
rapid  diastolic  filling,  and  his  graphic  records  of 
the  heart  sound  show  that  the  third  sound  occurs  at  this  instant.  The  sequence  of  events 
would  be  as  follows:  The  end  of  systole  is  marked  by  the  second  heart  .sfiund  and  by  the 
fall  in  the  cartliogram.  The  tricuspid  and  mitral  valves  open  almost  instantaneously,  but 
a  f>eriod  of  alitiut  tV  second  in  re<iuirerl  before  the  fall  of  pressure  is  transmitted  to  the  jugu- 
lar vein  and  the  pressure  begins  to  fall  (v-ij  collapse).    The  inrush  of  blood  into  the  ventricles 
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Fin.  107. — Forct*  ituppo.s«d  to  be  at  work 
in  the  production  of  Ihc  Liiird  lieurt  nounJ. 
Dia.<>tuUc  closure  of  llie  auriculoventricular 
valves.  I>ott«l  lincH  iadicale  the  liireclion 
of  inflow.  Klack  arrows  indicate  the  rijcoil 
WBvea  tending  to  pnxsh  the  cusps  together. 


'  Tlie  a.'^umption  of  such  a  slapping  together  of  the  auriculovcntricular  valves  at  the 
end  of  ventricular  filling  is  not  at  all  inconipalible  with  the  fact  that  a  smull  separation  (1-3 
mnu)  may  rGa|*|^M»ar  between  them  in  the  latter  part  of  diastole,  when  the  accumulation  of 
blood  in  the  auricles  ha«>  become  suHicieul  to  just  force  the  cusps  apart  (page  473). 
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rapidly  distends  the  latter  until  they  reach  their  full  diRtention,  at  which  the  inflow  ce&ses  and 
the  cus  j»  of  both  mitral  wnd  l  riciispid  valves  slap  together  (closing  slap  in  diastole). 
The  end  of  this  inflow  may  be  accompanied  by  a  shght  recoil  or  similar  movement  of  the 
ventricle,  giving  rise  to  the  pmall  wave  and  shock  noted  at  tJiis  moment.  The  intensity 
of  this  recoil  ts  probably  dependent  to  a  greut  extent  upon  the  elasticity  (elastic  tissue) 
of  the  ventricuJar  walls;  hence  ita  absence  in  old  persons.  Windlc  and  Eyater  have  shown 
that  the  third  heart  sound  may  be  present  without  the  h  wave  or  the  h  wave  without  the 
third  sound.  This  is  not  surpriaing,  for  the  valves  may  slap  together  neither  suddenly 
enough  nor  hard  enough  to  cnu^ie  a  sound  thou'.Jih  they  may  cjtuse  a  wave.  The  sound 
may  be  preHent  without,  the  wave,  for  the  recoil  wave  may  he  damped  by  dilating  auri- 
cles; or  the  cusps  may  elnse  .su  Hi^nly  along  the  greater  part  of,  but  not  the  entire  line  of, 
closxxre  and  give  a  sound  but  not  a  wave. 

A  priori,  acrordins  to  this  explanation  a  protodiastolic  sound  should 
be  heard  in  slow  hearts  because  in  them  the  ventricular  walls  are  distended 
to  their  full  extent  early  in  diastole;  in  cases  of  aortic  insufficiency  because 
of  the  high  intrnventricular  pressure  which  tends  to  slap  the  cusps  of  the 
valves  together  early  in  diastole;  in  mitral  stenosis  owing  to  the  peeuLiar 
events  in  the  filling  of  the  ventricle  (vide  page  12),  and  perhaps  in  cases 
in  which  there  is  a  large  amount  of  residual  blood  in  the  ventricle  (dilata- 
tion) which  tends  to  diminish  and  shorten  the  period  of  inflow.  These 
represent  the  chief  conditions  in  which  it  is  actually  heard.  Thayer 
states  that  it  can  be  heard  at  the  apex  in  about  30  per 
cent,   of    normal   individuals  lying   upon   the   left    side. 

By  decades  its  frequency  was  as  follows;  First  decade  heard  in  5S.9 
per  cent.;  second  decade  S-4.4  per  cent.;  third  decade  50.9  per  cent.;  fouilh 
decade  42.3  per  cent.;  fifth  decatle  11  per  cent.;  sixth  decade  and  after  0, 

fit  seems  to  occur  in  practical  ly  every  condition,  especiallj'  in  cases  with 
slow  hearts,  and  seems  to  bear  no  definite  relation  to  cardiac  weakness. 
lun 
fori 
pat 


Ml^RMURS. 
MECHANICAL   FACTOHS   IN    THK    PRODUCTION    OF    MURMURS. 


As  has  been  seen  above  (page  156),  when  a  narrowing  occurs  in  the 
lumen  of  an  elastic-walled  tube  through  which  liquid  is  flowing,  eddies  are 
formed  which  set  the  walls  of  the  tube  into  vibration  and  give  rise  to  a  pal- 
pable thrill.  Accompanying  the  thrill  a  blowing  sound  known  as  a  "'mur- 
mur" may  be  heard  over  the  tube;  which,  like  the  thrill,  is  heard  much 
better  below  the  obstruction  than  above  it,  and  is  transmitted  in  the  direc- 
tion of  the  Mow.  The  character  of  a  murmur  depends  upon  the  width  of 
the  orifice  at  which  it  is  produced,  upon  the  nature  of  the  walls  of  the 
orifice,  upon  the  velocity  and  tension  under  wliich  the  fluid  passes  through 
it,  and  upon  the  direction  in  which  the  flow  occurs. 

In  this*  way  a  valvular  orifice  may  be  compared  to  the  larynx 
with  its  vocal  cords.  Wlien  the  cords  are  lax  and  wide  apart,  the  air  moving  over  them  in 
even  forced  respiration  gives  no  sound;  when  the  curds  are  approximated  a  Uttle  but  still 
held  loosely,  it  gives  a  whisfjered  ''ch"  sound,  and  when  they  are  held  very  tense  true 
vocal  .«iound  ia  heard.  Similarly,  no  sound  can  be  heard  over  the  exci.<ied  heart  when  the 
fluid  regurgitates  through  an  absolutely  patent  mitral  orifice  (P'ig.  108) ;  if  one  of  the  chorda; 
tendineo!  be  stretched  and  the  regiirgitation  takes  place  through  a  small  slit  whoee  walla 

'  In  the  light  of  thiwe  facta  it  is  difficult  to  comprehend  why  Windle  beard  the  third 
sound  in  only  2  f)er  cent,  of  his  cases. 
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are  flabby  (relative  insufficiency,  Fig.  108),  a  soft  low  blowing  munnur  will  be  heard  (the 
smaller  ibis  orifice  the  higher  pitched  and  more  distinct  the  murmur);  while  if  some  more 
or  less  hard  irregtiiar  bcKly,  like  calcified!  vegetation,  is  situated  at  the  orifice,  this  acts  more 
or  less  as  a  resonator,  increases  the  sound,  and  may  even  give  it  a  roaring  or  a  squeaking 
(muflicat)  character.' 


A 
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Fin.  108. — Himilarity  between  pnnJuction  at  voice  si>unds  And  the  profJurlion  of  murmurs.  (KindoM«  j 
of  the  J.  Am.  M.  Amu.)  A.  B,  C,  vocal  ixjrtJs;  D,  E.  F„  iiuritruloventrictilar  vulves;  G,  H,  I.  aortic  and  pul-  I 
iDonic  valveH.  A  (biuh  noteli,  D,  G,  fcinall  lenlcA  i^rcMlucing  high-pi (<;Iie<l  murrnurB;  B  4lo«  note*.  G,  U,  , 
larger  leak* producing  low-pitciie«i  mumiUfa:  C.  F,  I.  very  large  leak*,  producing  no  murmurs. 

Occasionally  murmurs  become  so  loud  as  to  be  heard  several  feet  away 
from  the  chest  or  even  across  the  room.  Such  murmurs  are  usually  systolic  I 
in  time  and  are  often  due  to  calcified  vegetations,  arterial  plaques,  or  aortic 
or  mitral  stenosis.  As  in  the  larj'nx,  the  character  of  the  sound  produced 
at  a  valvular  orifice  is  clue  not  only  to  the  size  and  shape  of  the  orifice,  but  j 
also  to  the  tenseness  of  the  walls  and  velocity  of  blood  flow  through  it,  and 
hence  is  largely  dependent  upon  the  height  of  the  blood-pressure.  All 
these  factors,  both  the  widening  of  the  leak  and  the  decreased  force  of  the 
beat,  explain  the  fact  that  as  the  heart  weakens  under  the  inQuence  of 
lesion  the  murmur  may  actually  disappear. 


CHAR.\CTER    OF    MURMURS. 

Murmurs  may  be  roughly  dividetl  into  the  fnllawnng  classes:  (1)  Direct  mur- 
murs best  trananiitted  in  the  direction  of  the  bUxwi  flow,  aa  from  stenoses  or  calcified 
plaques;  (2)  Regurgitant  murmurs  due  to  a  flow  in  the  direction  opi>osite  to 

'  MuBicftl  or  squeaking  murmurs  are  pometimes  due  to  the  presence  of  tense  mod-' 
erator  hands  stretching  across  the  ventricular  cavity  and  resounding  like  banjo  stnnga, 
although  usually  these  bands  do  not  cause  murnuirs  at  all. 

Very  fretjueiilly  they  arise  in  dilated  right,  ventricles  in  association  with  functional! 
lricuKpi<l  and  pcrhafs  functional  pulmonary  insufficiencies.     They  are  usually  systolic, 
but  sometimes  diastolic  in  time.    They  are  often  cardiopulmonary. 
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iMual  blood  flow  (as  in  mitral  and  aortic  influfficienciee); »  (3)  To-and-fro  "machinery" 
murmurs  which  occur  in  both  systole  and  diastole  in  congenital  heart-  lesioDB;  (4)  Rum- 
bling murmurs. 

Of  these  1,  2,  antl  3  are  more  or  less  blowing  or  roaring  in  character; 
while  the  r^mbliuK  murmurs  are  devoid  of  this  character,  and  are  rumbling 
or  echoing,  more  like  a  series  of  heart  sounds  which  vary  in  intensity  (mitral 
stenosis,  Flint  murmur)  than  like  murmurs  due  to  the  passing  of  a  stream 
through  an  orifice. 

Brockbank  claims  that  these  may  be  produced  upon  a  model  by  means  of  a  stream 
flowing  through  a  eoniral  valve  from  apex  to  the  base  of  I  he  rone.  The  mechanism  of  the 
production  of  aueh  murnmrs  is  still  very  obaeure,  and  further  re«ea^ch(^8  are  necessary 
before  satisfactory  etuHdation  can  bi=;  given. 

Transmission  of  Murmurs  from  the  Auriculoventricular  Valves. — Regurgitations  at 
the  mitral  and  tricuspid  orifices,  however,  give  ri.sc  to  systolic  murmurH  which  are  trans- 
mitted loudly  in  two  ways:  in  the  direction  of  the  regurgitant  etream,  and  alsu  in  a  direction 
exactly  opposite  to  the  tuttrr.  In  the  cases  of  mitral  insufficiency  the  regurgitant  stream 
through  the  milrtd  valve  .strikes  the  posterior  wall  of  the  left  auricle  and  imparts  its 
vibratiuna  to  the  cheat  wall  in  the  lower  left  interscapular  region.  In  this  area  a  systolic 
murmur  i.s  readily  heard  in  thin-chest e<l  individuals,  lint  even  in  them  it  is  not  so  loud  as 
the  systolic  murmur  heard  over  the  apex  and  in  the  left,  axilla  near  the  ^pex,  which  is  con- 
ventionally accx^pted  as  the  chanicteristie  sign  of  mitral  insufficiency  and  which  is  heard 
in  many  vfUics  of  mitral  insufficiency  in  which  the  munnur  at  the  back  cannot  be  made  out. 
Similarly  in  tricuspiil  insufficiency  the  regurgitant  stream  impinges  i^ainwl  the  wall  of  the 
right  auricle,  which  is  distende<l  so  that  the  regurgitant  stream  shoidd  strike  against  its 
wall  near  the  right  border  of  cardiac  dulness,  and  hence  the  murmur  should  be  heanl  at 
it.s  maximum  far  to  the  right  of  t\w  sternum.  Ttiough  a  loud  murmur  is  heard  in  this  area 
in  occasional  cases,  the  most  common  site  of  maximal  is  between  the  sternum  and  the 
parasternal  line  or  the  sternum  and  the  apex, — that  is,  over  the  right  ventricle.  In  both 
mitral  insufficiency  and  mitral  stenosis,  therefore,  the  munnur  is  conducted  loudest  for- 
ward over  the  ventricle,  though  the  blood  impact  of  the  regurgitant  stream  takes  place  in 
the  oppo.^ite  direction. 

No  explanation  for  this  apparently  paradoxical  condition  was  given  until  the  writer, 
in  1910,  suggested  that  the  vibration  a  set  up  in  the  valves  by  the 
regurgitant  streams  might  be  propagated  along  the  chord® 
tendinea;  and  the  papillary  muscles  to  tlie  walls  of  the  ven- 
tricles, and  thus  transmitted  to  the  chest  walls.  In  favor  of  this  theory  waa  the  fact 
that  the  points  at  which  the  murmurs  of  mitral  and  tricusjnd  insufficiency  are  heard  loud- 
est oorrespond  closely  to  the  insertions  of  the  anterior  papillary  muscles  in  the  walla  of  the 
right  and  left  ventricles.  At  the  writer's  suggestion  the  matter  was  subjecte<l  to  experi- 
mental test  by  W.  T,  DeSautelle  and  E.  G.  Grey  (.\rch.  Int,  Med.,  1911,  viii,  734).  These 
investigators  studi<!<l  the  intensity  of  the  nmrinur  produced  in  the  dead  pig's  heart  by 
the  passage  of  a  stream  of  water  allowed  to  flow  from  a  pressure  bottle  into  the  ventricles 
and  to  pass  out  of  thcni  through  a  leak  at  the  auriculoventricular  vxdves,  which  they  pro- 
duced either  by  cutting  the  cusps  or  by  sewing  upon  the  latter  "vegetations"  made  from 
masses  of  knotted  oord.  They  then  li.Htenetl  over  tlie  entire  surface  of  the  heart  and  found 
tliat  the  murmur  was  maximal  over  the  insertion  of  the  valves  about  the  auriculoventricular 
ring  and  also  over  the  areas  which  eorn-sponiled  to  the  biises  of  the  papillary  muscles. 
Wlien  the  papillary  mu.sch*s  were  cut  away  from  the  heart  wall,  the  murmur  over  these 
areas  became  greatly  diminished  in  intensity,  although  over  any  other  arejis  on  the  walla 
removal  of  any  portion  of  its  thickness  tended  to  increase  the  intensity  of  the  munnur.  On 
the  other  hand,  t  hey  found  that  when  they  sewed  the  base  of  a  papillary  muscle  which  had 
been  severed  from  its  normal  attachment  on  to  Si)me  new  area  of  the  ventricular  wall,  and 
even  upon  the  intervcnticular  septum,  the  murmur  immediately  became  maximal  at  that 

^  Mitral  and  tricuspid  rcgurgitaat  murmurs  may  be  tranamitted  along  the  papillary 
muscles  (see  page  431). 
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point.  The  murmur  due  to  the  regurgitant  stream  was  thas  proved  to  be  carried  in  the 
direction  oppoeite  to  the  regxu-gitation  by  transmission  along  the  uhordo;  tcudinese  and 
piipillarj'  muscles. 

8.  Engh,  in  the  phamiacologipal  laboratory  of  the  University  of  Minnesota  re- 
<<ently  applied  the  same  mpthod  to  the  study  of  the  incidence  of  regurgitant  streams  and 
the  conduction  of  murmurs  in  aortic  insufficiency  and  has  found  that  here,  too,  the  papillary 
muscles  conduct  the  murmurs. 
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"ACCIDENTAL,      "HjBMIC,      AND   "CARDIOPULMONARY       MURMURS. 

Murmurs  over  the  heart  without  the  presence  of  valvular  lesions  are 
so  common  that  autopsy  evidence  led  Laennec  to  the  erroneous  belief  that 
murnmrs  (bruits  de  soufflet)  were  of  no  diagnostic  importance  whatever.        ^ 

Such  murmura  are  designated  by  various  terms :  **Hacmic,"  on  the" 
assumption  that  tfiey  are  always  due  to  anaemia,  hydrs&mia,  or  other  changes 
in  the  quality  of  the  blobd;  "FunctionaT'  or  ''inorganic,"  because 
they  are  nut  associated  with  organic  lesion;  "Cardiopulmonary"  or 
^'cardiorespiratory/'  on  the  assumption  tliat  they  arise  in  the  lung  above  the 
heart  and  not  in  the  Iicart  itself;  and  ''Accidental,"  since  they  are  not  asso- 
ciated with  any  dij-icernible  alteration  in  form  or  function.  These  terms  are  not 
mutually  exclusive;  but,  since  the  term  "functional"  has  been  used  to  desig-^ 
nato  conditions  in  which  there  is  actual  leakage  owing  to  muscular  weakness,, 
and  since  "inorganic"  should  include  both  "functional"  and  "accidental," 
the  term  "accidental"  appears  to  be  the  one  moat  generally  useful.  Thus, 
one  murmur  may  be  said  to  be  an  accidental  murmur  of  lupniic  origin,  wlidle 
in  another  case  the  accidental  murmur  may  be  of  cardiopulmonary  origin. 
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Occurrence  of  Accidental  Murmurs. — Potain,  who  has  made  the  most  extensive  in 
ligations  upoa  the  subject,  found  such  miu-murs  in  one-eighlh  of  all  the  patients  seen  in 
hospital  service.  It  was  present  in  almost  all  his  cases  of  Basedow's  disease  (exophthalmic 
goitre).  In  chlorosis  the  frequrticy  w:ia  50  per  cent.;  in  rheumatism,  measles,  and  scarlet 
fever,  20-25  per  cent.;  in  typhoid,  16  ;M>r  ct^nt.;  in  pulmonary  aJToctions,  5-10  per  cent. 
These  murmurs  were  common  in  subjects  in  the  first  three  decades  of  life,  reaelmig  maxi* 
mum  fre<iueney  at  the  ages  from  20  to  30,  and  gradually  decreased  in  frequency  after  the 
age  of  30.  For  description  of  the  murmurs  Potain  divided  the  precordium  into  the  follow- 
ing regions:  L  About  the  apex  (apical  zone);  2.  Above  the  apex  (supra-apical);  3.  Lateral 
from  the  apex  (para-apical);  4.  In  front  of  the  infundibulum  and  conus  arteriosus  of  the 
pulmonary  artery  (pre-infundibular);  5.  A  zone  between  the  pre-infundibular  region  and 
the  apex  (left  preventricular) ;  6.  An  area  behind  the  sternum  (alemal  region);  7.  A  region 
behind  the  xiphoid  (xiphoid  region).  The  murmurs  are  most  common  in  the  region  lying 
between  the  puJmonary  area  and  the  aiM*x  (Potain'a  left  ventricular  region), — that  is,  in 
the  region  above  the  right  ventricle  and  the  interventricular  septum. 

Character  of  Accidental  Murmurs. — T  heae  murmurs  usually 
are  soft  and  blowing,  and  often  see  in  rather  super- 
ficial. They  vary  greatly  when  the  patient  changes 
his  position.  Sometimes  they  are  best  heard  when  the  patient  is 
lying  down  and  diminish  or  disappear  entirely  when  he  stands  or  sits 
up;  sometimes  they  appear  only  when  the  patient's  position  is  vertical 
and  disappear  on  his  lying  down.  They  also  vary  with  the  phases  of 
respiration. 

Time  of  Accidental  Murmurs.  —  As  regards  their  occurrence  in  t)ie 
cardiac  cycle,  acciilental  murmurs  are  most  commonly  systolic  in  time, 
though  occiuiionally  diastolic.  P4>tain  calls  attention  to  tiie  fact  that  mur- 
murs may  occupy  either  the  whole  of  systole  (holosy  s  tol  i  c)  or  only 
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a  portion  of  it.  The  latter  may  occiir  only  at  the  very  l>eginning  of  sj-^tole 
(protosystolic)  ,  so  that  they  arrompany  or  replace  the  first  heart 
sound.  Or,  they  may  be  heard  in  niidsyi^tole  (  m  e  s  o  s  y  s  t  o  1  i  c  ),  in 
which  case  they  follow  the  first  sound  but  are  separated  from  the  second 
sound  by  the  short  pause,  which  is  then  somewhat  shorter  than  usual. 
Or,  tJiey  may  occur  at  the  very'  end  of  systole  ( t  e  1  e  s  y  s  t  o  1  i  c  )  and 
end,  without  interruption,  in  the  second  sound.  According  to  Potain, 
the  murmurs  of  mitral  and  tricuspid  inBufficiency 
are  heard  throughout  the  entire  duration  of  systole, 
a  view  which  is  confirmed  by  the  graphic  record.^  of  Einthoven  and  Weiss 
and  Joachim.  The  accidental  murmurs,  however,  are  con- 
fined to  only  a  portion  of  systole.  Potain  believes 
that,  as  a  rule,  they  are  entirely  mesosystolic;  while 
Weiss  and  Joachim,  from  both  auscultatory  and  graphic  evidence  (Fig. 
110),  believ^e  that  they  also  accompany  and  modify  the  first  sound  though 
they  do  not  replace  it;  in  other  words,  that  they  occupy  both  the  proto- 
systohc  and  the  mesosystolic  portions  of  the  systole. 

Sahli  states  that  accidental  murmurs  never  occupy  the  very  end  of 
systole  (telesystolic,  Potain;  prediastohe) ,  but  Potain  has  shown  that 
though  such  murmurs  are  rare  they  occur  occai^iomilly. 

Accidental  diastolic  murmurs  are  also  rather  conmion,  and  may  occur 
either  in  the  aortic  region,  behind  the  sternum,  or  along  the  upper  left 
border  of  cardiac  dulness.  Occasionally  they  are  heard  at  the  apex.  They 
are  usually  short  superficial  puffs  following  a  well-marked  second  sound 
and  lasting  during  only  a  short  portion  of  early  diastole. 

DifFerenti&l  Diagnosis  of  Accidental  Murmurs:. — Potain  givea  the  following  points  in 
wliich  other  munmirH  iliffer  from  tliii  cardiopulmonary. 

1.  Puliuouury  Stenosis:  loud,  rough  holosystolic  murmur,  ina.\imum  in 
Hccond  left  interspace,  transmitted  tow.inl  left  clavicle;  always  accotuipanied  by  a  thrill. 
The  accidental  umrriuir  in  soft,  often  mesosystolic,  devoid  of  thrill. 

2.  Pulmonary  Insufficiency:  diastolic  murmur  maximum  in  second  left 
interspace;  pulmonie  second  sound  absent  or  diminished.  The  accidental  diastolic  murmurs 
very  rarely  have  their  nuaximum  in  the  secnrui  left  int^rapace. 

3.  Aortic  Stenosis:  rough  holosystolic  murmur,  maximum  in  second  right 
interspace,  propagated  towanl  right  clavicle;  accompanied  by  thrill.  The  heart  is  hyjjer- 
trophiwl.  The  accidental  or  cardiopulmonary  murmur  in  tliis  nigion  ia  more  superficial, 
soft,  and  change!?  on  change  of  poMition. 

4.  Anaemia:  murmur  very  similar  to  that  of  aortic  stenosis,  but  the  thrill  is  less 
marked  and  the  heart  is  small  or  dilat<?d  rather  than  hypertrophied. 

5.  .\  or  tic  Insufficiency:  murnuir  conmiences  exactly  at  the  beginning  of 
the  second  soimd  and  almost  entirely  fills  tlia,stole;  whereas  the  cardiopulmonary  diastolic 
murmur  fnllows  the  .second  sound,  often  after  a  short  intervening  pause  {i.e.^  the  murmur  is 
meaodiaKtolic).  Both  aortic  and  accidental  munnurs  are  of  wide  distribution,  embracing 
the  entire  precordium,  and  varying  greatly  with  change  of  position. 

6.  Patent  Septum  of  the  Ventricles:  holosystolic  murmur  loudest  at 
the  thir*!  i«,'ft  interspace;  rough,  always  accompanied  by  a  thrill;  whereas  the  accidental 
and  cardiopulmonary  murmurs  are  not. 

7.  Mitral  Insufficiency:  murmur  holosystolic,  usually  rather  rough,  maxi- 
mum at  the  apex.  The  cardiopulmonary  murmur  may  have  its  maximum  two  or  three 
centimetres  lateralwards  from  the  apex;  and  this  is  usually  associated  with  a  .systolic  retrac- 
tion at  the  apex. 

8.  Tricuspid  Insufficiency:  murmur  maximtim  over  sternum  and  xiphoid 
procceu.  There  is  an  increased  area  of  llatness  (hypertrophy  of  ventricles).  This  murmur 
is  also  increased  by  leaning  forwards  so  as  to  throw  the  heart  against  the  chest  wall. 
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Nature  and  Causation  of  Accidental  Murmurs* — The  facts  mentioned 
above  apply  to  a  large  number  of  cases  in  which  murmurs  have  been  heard 
during  Hfe,  but  in  which  no  leaks  and  no  lesions  of  the  heart  were  demon- 
strable at  autopsy. 

A  large  variety  of  factors  have  been  inentioned  to  explain  these  accidental  murmurs: 

Hsmic  Murmurs. — BoiiiiJaud  was  the  first  to  call  attention  to  the  fact  that  mur- 
murs were  more  readily  produced  in  the  less  viscouB  blood  of 
anaemia  than  under  normal  conditions;  a  fact  which  was  subsequently 
verified  by  Cohnheim;  but  Bouillaud  himself  realized  that,  though  ansemia  might  give  rise  to 
some  of  the  acciilental  mumiure,  there  were  many  cases  in  which  it  could  not  be  a  factor. 
The  blood  counts  made  in  later  deciides  have  entirely  Bubetanliated  Bouillaud's  conser^'u- 
tifiim.  However,  nunieroua  obfiervere  from  Bouillaud'e  time  to  the  present  have  adhered 
to  the  "^hieinic"  origin  of  the  accidental  tuunnura.  Sahli  goes  bo  far  as  to  Btate  that 
they  may  in  reality  be  only  venous  h ii  irt  e  transmitted  to  the 
ventricles,  though  he  does  not  explain  why  they  should  be  systolic  in  time.  E>'en 
though  this  explanation  is  inadecjuate,  it  is  certain  that  in  cases  of  grave  ansemia  such  trans- 
mitted murmurs  <lo  arise.  They  are  heard  very  loudly  over  the  aorta  and  second  right 
interspace,  but  are  loud,  rough,  and  superficial,  quite  different  from  the  gentle  blow  of  tlie 
usual  accidental  munnurs. 

Functional  Insufficiency  of  the  Auriculoventricular  Valves,  especially  of  the  mitral, 
was  supjjosed  by  Naunyn  to  be  the  chief  cause  of  the  accidental  murznur  in  the  pulmonary 
area.  Naunyn  believed  that  this  murmur  was  transmitted  from  the  left  auricle  directly  to  ) 
the  pulmonary  artery  and  thence  to  the  chest  wall  in  the  pulmonary  area.  However,  in 
these  cases  the  murmur  may  not  l>e  heard  at  all  in  those  areas  in  which  the  definite  mitral 
and  tricuspid  murmurs  are  best  heard.  Functional  insufficiency  of  the  tricu-spid  valve 
has  also  been  assumed,  but  thia  is  renilered  improbable  by  the  fact  that  these  munnurs  ha\'e 
a  very  different  distribution  from  those  of  the  tricuspid  and  are  rarely  heard  over  the 
xiphoid  process.  In  dogs  the  writer  has  found  accidental  murmurs  very  common;  but, 
in  contrast  to  the  murmurs  in  tricuspid  or  mitral  insufficiency,  these  accidental 
murmurs  cannot  be  heard  over  the  right  or  left  auricle.  In  man 
also  they  are  not  heard  over  the  region  of  the  right  auricle,  even  when  the  patient  is  made 
to  Jean  forward  and  the  walls  of  that  chamber  are  thus  pressed  against  the  cheat  wall. 

Functional  Stenosis  of  the  Pulmonary  Artery  and  Infundibulum  has  been  assumed  by 
Lxjethje  in  order  to  explain  the  productioix  of  systolic  tnurmura  in  the  pulmonary  area. 
It  ia  true  that  the  pulmonary  artery  makes  a  sharp  bend  just  behind  the  second  left  inter- 
space; and  also,  aa  Romberg  and  others  have  shown,  that  often  the  accidental  munnur  ia 
increase<ll  by  pressure  with  the  stethoscofw.  Against  this  view  are  the  softness  of  the 
murmur,  the  absence  of  a  thrill,  and  the  fact  that  it  is  not  transmitted  toward  the  left 
shoulder,  but  is  well  heard  over  the  right  ventricle.  Moreover,  in  dogs  the  accidental  mur- 
mur may  persist  in  practically  every  position  in  which  the  heart  may  be  held. 

Eddy  Currents  nilhin  the  Ventricles. — Hilton  Fagge  has  called  attention  to  the  fact 
that  eddy  currents  may  arise  within  the  ventricles,  as  the  blood  passes  between  the  papillary 
muscles  and  the  trabecula?  canue.  However,  W.  M.  Dunn  and  W.  S.  Bennett,  in  the  writer's 
laboratory,  have  studied  thia  question  experimentally  upon  the  dead  pig's  heart  through 
which  a  stream  of  water  was  allowed  to  flow  from  a  pressure  bottle.  They  found  that  such 
B,  stream  flowing  into  the  heart  from  the  rtglit  auricle  and  out  through  the  pulmonary 
artery  gave  rise  to  just  such  a  murmur  over  the  coaus  arterioeus,  but  that  this  murmur 
persisted  even  after  the  eddy  currents  were  altered  by  cutting  away  the  papillarj-  muscles 
and  the  columns?  camea?.  On  the  other  band,  they  found  that  the  murmur  was  due  largely 
to  the  direct  impact  of  the  blood  stream  upon  the  walls  of  the  conus  and  that  a  similar 
stream  which  arose  in  the  left  ventricle  impinged  upon  the  septum  ventriculorum  juat 
behind  the  infundibulum  and  was  transmitted  to  the  latter.  These  murmurs  were  loudest 
over  the  infundibulum  at  the  time  that  t!ie  blood  stream  was  most  rapid  (i.e  ,  in  midsystole, 
which  rorrespondH  to  the  instant  of  the  accidental  murmur)  and  it  waa  most  intense  when 
the  viscosity  of  the  blood  and  the  peripheral  resistance  were  low.  All  these  factors  corre- 
t'pond  to  conditions  which  seem  to  accompany  the  accidental  murmur  clinically,  but  though 
suggestive  they  cannot  be  accepted  aa  a  complete  explanation  of  the  latter  without  further 
proof. 


PHYSICAL  EXAMINATION. 


I 


I 


Similar  to  this  view  is  thp  old-time  assumption  that  acciilenta!  blowing  as  well  as 
musical  murmurs  indicated  the  presence  of  a  moderator  bun<i  across  the  chamber  of  the 
right  ventricit!,  but  this  is  not  bonie  out  by  autopsy  exjierieiice. 

Cardiopulmonary  Factors. — Laennec  in  1826  wrote:  "In  certain  persons  the  pleura 
and  the  anterior  bortlers  of  the  lungs  extend  in  front  of  the  heart  and  cover  it  almost  entirely 
If  one  examines  such  a  person  when  his  heart  is  beating  n»ore  forci- 
bly than  usual,  the  diastole  of  the  heart,  compressing  these 
portions  of  the  lungs  and  forcing  the  air  out  of  them,  altera  the 
breath  soimds  in  euch  a  way  that  it  imitates  a  blowing  murmur  or  the  sound  of  wootl  file. 
But  with  a  little  skill  it  becomes  easy  to  distinguifih  this  wound  from  a  cardiac  nuirmur. 
It  is  more  superficial;  one  hears  the  normal  heart  sounds  be- 
low it;  and  it  disappears  almost  entirely  when  the  patient  is 
made    to   hold    hia   breath   for   a   few   moments.''' 

Physiological  ex|jeriment.8  have  borne  out  Lfiennec'a  claim  that  the  hmg  moves  to  and 
fro  with  each  cardiac  cycle  (Buisaon,  Voit,  van  dcr  Heul,  Landoia,  Meltsser),  but  havedemon- 
Btrated  that  the  most  su<ldcn  movement  of  the  air  accompanies  the  rarefaction  of  the  air 
within  the  lung  tluring  systole,  rather 
than  its  extrusion  during  diastole. 

The  cardiopulmonary  inurmura 
fomietl  the  subject  of  an  exhaustive 
study  from  18t>.>  to  IS94  by  Potutn, 
many  of  whose  data  have  l>een  given 
above.  Potain  controlled  the  findingH 
by  auscultation  with  carefully  made 
cardiograms  and  experimental  studies 
and  found  that: 

1.  The  cardiopulmonary  murmurs 
are  loudest  and  most  frequent  in 
those  regions  {infundlbuluni  and  vicin- 
ity of  the  pidmonary  arterj*)  where 
the  movement  of  the  heart  is  greatest. 

2.  T h e y  occur  in  regions 
and  in  phases  of  the  car- 
diac cycle  at  which  the  car- 
diogram shows  retractions 
of  the  interspace  (areas  of 
negative  pressure  with  sudden  expan- 
sion of  the  lung). 

Hence,  the  avHtolic  murmur  is  most  common  over  the  infundibulum  and  right  ven- 
tricle, over  which  there  is  usually  a  sj'stotic  retraction  (aee  page  153  and  Fig.  89). 

If  the  retraction  (fall  in  the  cardiogram)  occurs  in  the  middle  of  systole,  the  murmur 
is  found  to  be  meBOByKtoitc;  if  at  the  end  of  Hystolc,  the  murmur  is  telesystolic;  if  the  fall  is 
in  diastole,  the  murmur  is  diastolic.  Indeed  Potain  encountered  several  eases  in  which 
the  form  of  the  cardiogram  changed  upon  alteration  of  the  fKwition  of  the  patient;  and 
corresponding  to  the  f)€riod  of  greatest  retraction  the  murmur  over  the  area  changed  from 
meeoeystolic  to  dia^^tolic. 

Tkis  is  a  surprising  confirmation  of  the  theory  of  cardiopulmonary  nnimiurs.  There 
can  indeed  be  no  doubt  that  cardiopulmonary  murmurs  are  frtuiueni,  and  that  they  form 
a  very  considerable  proportion  of  "accidental  "  murmurn.  Besides  the  blading  murmurs 
referred  to  above,  it  is  probable  that  many  of  the  s<»-called  "musical"  or  "iJiijueak- 
ing"  murmurs  areof  cardiopulmonary  origin,  and  are  really  piping  rilles  produced  by  the 

'  "Chei!  quelques  sujet^s,  lea  pl&vres  et  les  bords  ant^rieurs  des  poumor»a  ae  prolongent 
au-devant  du  cceur  et  le  recouvrent  preaque  enti^rcment.  Si  I'tm  explore  un  pareiJ  sujet 
au  moment  ou  tl  ^jirtvuve  des  battementa  du  cceur  un  peu  ^nergiques.  la  dittstole  <iu  cteur 
comprimaut  ces  portions  du  poumon  et  en  exprimanl  Puir,  alt^re  le  brutt  de  la  reapiratioo 
de  manifere  i  ce  qu'il  imite  jilus  ou  moios  bien  cdui  d'un  soufflel  dotm6  fjur  le  ea*ur  lui- 
m6me:  il  est  plus  Ruperficicl;  on  ontend  au  dessous  le  bruit  naturel  du  cceur;  et  en  recom- 
mandant  au  malade  de  retenir  fiendant  quetques  instants  sa  reapiratioo,  il  diminue  beau- 
coup  ou  cease  presque  entt^rement," 


Fic.  109. — Dittribution  of  the  accidental  murniur. 
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to-and-fromovement  in  the  lnI)K«lllrin^  either  jtha«e  of  the  cardiac  cycle.  Othex  rale«  of 
.cardiopulmonary  o  r  i  >?  i  n  mure  closely  rewmliling  the  sonorous  and  crepitant  nllea 
f  respiration  are  also  very  common  along  the  margin  of  the  left  hmg.  Moreover,  the  breath 
Dunds  themselves  arc  fret|ueiitly  modified  by  the  cardiac  movements,  giving  rim  to  the  so- 
called  cog-wheel  type  of  breathing;  in  which  inspiration  is  interrupted  by  a  series 
of  amall  clicks  and  puuse*  coincident  with  and  due  to  the  effects  of  cardiac  contractions 
upon  the  air  in  Ihe  hmgH.  The  cop-wheel  type  of  breathing  is  often  associated  with  slight 
changes  in  the  overlying  !ung  and  is  thus  often  a  fjremonitory  sign  of  pulmonary  tuberculosis. 

Differentiation  between  Cardiopulmonary  and  other  Accidental  Mur- 
murs.—  However^  in  spite  of  the  frequency  of  curdiopulinonary  murmurs, 
it  is  probable  that  Potain  erred  in  ascribing  all  aeriilental  or  non-valvular 
murmurs  to  this  orij2;in,  In  the  first  place,  intiny  such  murmurs  are  audible 
over  the  area  of  cardiac  flatness  several  centimetres  from  the  lung  borders, 
when  breath  sound;?  which  are  of  equal  loudness  over  the  lung  cannot  be 
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F»«.  1 10. — Graphic  record  of  jin  Rccidental  murmur.     (After  Weiss  »ud  Joftchim.) 

heard  at  all  at  these  sites.  Secondly,  the  murmurs  can  be  well  heard  directly 
over  the  exposed  dogs'  hearts  when  the  luni;,  has  been  entirely  retracted, 
and  when  valvular  insufiiciencies  and  stenoses  can  be  absolutely  excluded. 
For  the  present,  therefore,  it  must  be  admitted  that  there  are  still 
many  uncertainties  in  the  differentiation  between  cardiopulmonary  and 
other  accidental  murmurs.  The  diagnosis  of  the  former  must 
be  confined  to  murmurs  of  distinctly  superficial 
quality  which  are  heard  loufleat  over  the  lung  bor- 
ders and  are  absent  or  much  diminished  over  the  area 
of  cartiiar  flatness,  anfl  which  var>'  with  change  of  position. 
The  diagnosis  may  be  considered  as  rendered  probable  if  the  area  over 
which  the  murmur  is  heard  moves  toward  the  sternum  in  inspiration  and 
away  from  it  in  expiration,  corresponding  to  the  movement  of  the  marginal 
strip  of  lung.  If  the  reverse  is  the  case  and  the  area  of  intensity  extends 
lateralward  in  expiration  and  recedes  toward  the  sternum  in  inspiration, 
the  murmur  is  more  likely  to  arise  within  the  heart. 

Imitations  of  ttie  Heart  Sounds. — A  remarkably  accurate  methcxl  for  imitating  the 
heart  soundH,  reduplicatione,  and  rough  or  blowing  murmurs  has  been  used  for  the  past 
three  years  by  the  writer's  colleague,  Dr.  Charles  W.  Larned.  This  ia  carried  out  by  placing 
the  palm  of  the  observer's  hand  tighdy  over  his  ear,  and  then  tapping  ufxm  the  elbow 
with  the  finger  tips  of  the  other  hand.  The  blow  must  tw  Rtruck  with  loose  finger-jointa. 
Its  force  can  be  varied  to  suit  variations  in  the  loudness  of  the  sound.  Dull  and 
distant  sounds  may  be  iniilated  liy  hglit  blows  of  the  finger  or  by  raising  the  |«tliTi  of  the 
hand  from  the  ear,  snapping  sounds  by  pressing  the  hand  tightly  upon  the  ear  and 
executiag  a  sharp  stroke.     Blowing  mumiura  are  reproduced  by  a  gentle  stroking  of  tho 
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elbow.  Dr.  Henry  Lee  Smith  lias  modified  this  procedure  by  striking  the  blows  directly 
ujxjn  the  back  of  tht>  hund,  instead  of  the  elbow,  a  niethotl  by  which  slmrf»er  and  more 
snapping  sounda  can  be  protiuced.  lie  is  able  to  give  a  very  accurate  ^production  of  the 
presystolic  rumble  and  snapping  first  sound  of  mitral  stenosis  by  bringing  all  the  four  fingers 
tlown  upon  the  kntickies  or  metacarpals  in  b^  rapi<l  succession  as  possible,  a  niancBii\Te 
which  is  l>est  executed  by  a  quick  pronation  from  the  elbow.  The  blow  struck  with  the 
index  fifijjer  (snapping  first  sound)  should  be  somewhat  louder  than  the  rest. 

While  these  method.s  are  ejccellent  for  demonstrating  to  one  student  at  a  time,  they 
cannot  be  used  for  demonstrating  to  a  whole  group  simultaiieoualy.  For  this  purj^tose  the 
writer  has  resorted  to  the  somewhat  cruder  method  of  execiiling  the  same  ta]xs  and  strokes 
upon  the  top  of  a  ilerby  or  even  a  soft  felt  hat.  This  imitation  is  not  quite  so  accurate, 
and  the  snapping  and  rumbling  quality  are  not  reprofhjced,  but  nevertheless  it  enables 
the  instructor  to  point  out  the  salient  features  to  all  and  to  ilSuwtrate  their  main  variations 
and  relations  to  the  eventa  of  the  cardiac  cycle. 


INTRAVENTRICULAR: 


VOLUME    OF 
VENTRICLES 


MITRAL  6YST0LIC 
AORTIC  SYSTOLIC 
ifiRTiC  DIASTOLtC 
PRESYSTOLIC 


^^^ 


A^ 


lllltlltll. 


I 
I 


Fio.  III. —  Diagtram  ahowinn  the  relntion  of  the  more  common  simple  munnura  to  e\'entti  of  tha 
eftrdiao  cycle.  Solid  black  harp  inilicat«  the  heart  xouniis.  Verliral  (larallcl  linen  rcBchinc  to  the  ba»« 
indicate  btowinc  or  rvueh  murmur.     Wavy  vertical  liuea  nut  reachiuK  tu  the  baae  iadicate  a  rumbla. 

The  exact  method  for  the  reprofluction  of  each  sound  or  murmur  can  thus  he  indi- 
cated schematically  by  designating  the  finger  to  Ite  used  (I  =  iiidex,  M==middle,  R  =  ring 
finger,  L  =  littlc  finger)  and  the  accent  of  the  sound'.  Time  intervals  may  be  shown  by 
dashes,  and  ru[>iil  succession  of  the  split  sounds  by  bracketing  the  corresponding  letters. 
Miirmurs  an?  indicated  by  stroke. 

Thus:  V — 1  =  Normal  first  sound  at  the  ajjex;  I— I' =  Normal  first  soimd  at  aorta; 
stroke  1'  =  Mitral  murmur;  I — (rM)=Split  second  sound;  (I.M — r)  =  8plit  first  soimd; 
(I-M' — I)  =  Presystolic  gallop:  I — I'-M  =  Protodifi.'^tolic  gallop:  I  stroke  I  =  Mesosystolic 
mummr;  LRMT — 1  =  Pn^systolic  murnuir;  I— stmke"^  Diastolic  blowing  murmur  replac- 
ing sec«)n<l  ROtmd;  I^I  stroke  =  DiiistoUc  munnur  following  tlie  second  sound;  bRMl' 
stix>ke  I  =  Presystolic  systolic  murmur  of  mitral  stenosis;  Gentle  to-and-fro  rubbing  of 
skin  =  Pericardial  friction. 

Relations  of  (lie  Simple  Murmurs  to  Events  of  ihe  Cardiac  Cjcle. — ^Tlie  relations  of 
the  simple  cardiac  nuirmurs  to  the  contractions  of  the  cartliac  chiunbcrs,  us  well  a*  to  the 
filUng  and  emptying  of  the  ventricles,  is  sliown  in  Fig.  111.  The  mechruiism  of  their 
production  will  \x:.  discuawed  in  detail  in  connection  with  the  valvular  lesions  to  which 
they  corres|x>nd.  It  will  Ije  seen,  however,  that  the  mitml  systolic  murmur  l^egina 
coineidently  with  the  first  heart  sound  liefore  the  bloorl  Mows  into  the  aorta,  and  that 
it  continues  throughout  systole;  that  the  aortic  sy.'Jtolic  n:umiur  follows  the  first  sound 
ami  is  loudest  in  nuilsyetole;  that  the  aortic  tliastolic  nmrmur  is  loudest  in  ejirly  tliastole, 
when  the  filling  of  the  heart  and  the  n^gurgitation  are  most  rapi4l;  and  that  the  presy*^ 
tolic  rumble  is  produced  by  the  inrush  of  blood  into  the  ventricles  during  auricular  Bystole. 
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SINGLE  MURMUBS. 


Time. 


CSiancter. 


Phonetio^ 
equivaleato. 


DUtribution. 


Clinieal  eonditioo. 


PTMystolie. 


Ejsrstolie., 


MsBMystolio  or  tel' 
eayBtoUo  (predi- 
astolic) 


Rumbling,  oeoaaon- 
ally  Uowing 


Blowing  or  rowing. 
Eaten  into  or  re- 
plscee  as  well  as 
follows  fint  sound. 
Unifonn  or  deores- 
cendo 

Blowing  or  roazing; 
foUowa  first  sound; 
has  a  crescendo 
chaiacter  in  mid- 
systole  and  deeree- 
oendo  in  late  sys- 
tole 

Similar  in  eharaeter 
to  aortic  systolic 
munnur 


Soft   blowing,    uni- 
form    or     di 
cendo 


Diastolic. 


Blowing . 


Mid-diastolic, 


Rumble  . 


fut-ta;  trat-at;  tr- 
r-rub-dub 


shush-dub;  jjje-dub; 
ssh-dub;    zaf-tam 


luMoh-dub;  taf-dub 


lujsch-dub;  taf-dub; 
Uf-tam 


lupff-dub;      taf-Ut; 
1       t 
luff-dub 


lupd-shsh;   tam-taf; 
lup-dush;  lup-shsh 


lub-dub-tra., 


Apex  only,  lower 
precordium  be- 
tween narastemal 
line  and  sternum 

Over  body  of  heart, 
at  apex  and  to  ax- 
illa, often  at  back. 
Over  lower  ster- 
num and  neighbor- 
ing preoordium 

Loudest  over  2d 
right  interspace ; 
thrill  also  in  ves- 
sels of  neck.  Not 
so  loud  at  apex 


2d  left  interspace 
and  to  left  of  ster- 
num (thrill).  Else- 
where over  chest 
(thriU) 

Over  en  tire  precord- 
ium, esp.  2d  and 
3d  left  mterspace. 
Varying  with 
change  of  position. 
Not  transmitted 
beyond  apex 

At  2d  rib  near  ster- 
nal margin;  loud- 
est over  sternum 
at  level  of  2d  left 
interspace  and  in 
the  latter  near  the 
sternal  margin 

At  2d  left  inter- 
space and  right 
sternal  margin: 
also  to  right  of 
sternum 

At  2d  left  interspace 
and  sternal  margin 


At  apex  only. 


Mitral    stenosis;   tri- 
cuqiid  fetenoeU. 


Mitral  insuffleieney: 
tricuspid  insuA- 
oiency. 


Sclerosis  of  aorta; 
aortic  stenosis:  oon- 
genital  heart  ledoa. 


Pulmonary  stenoaii^ 
congenital  heart  !•- 
sion,  aneurion. 


Functional,  aeeidenfe* 
al,  or  anaemic  mur- 
mur. Anemic  fever; 
neurasthenia  etc.  - 
sometimes  organ- 
ic (?). 


Aortic  insufBdeney. 


Pulmonary    inauffioi- 
ency. 


With  no  other  marked 
signs  of  valvular  in- 
sufficiency. Abnor- 
mal murmur  (Potaia, 
Graham,  Steele). 

Mitral  stenosis;  soma 
cases  with  pericard- 
ial adhesions,  etc. 


'These  phonetic  equivalents  most  closely  imitate  the  cardiac  sounds  when  the  consonants  are 
prolonged  as  much  as  possible. 

COMBINED  MURMURS. 


Time. 


Presytitolic  (Flint 
murmur).  Hystol- 
ic,  and  diastolic 


Character. 


Presystolic  nimble; 
systolic  blow;  di- 
astolic blow 


Phonetic 
equivalents. 


ftaftash;      tr-r-rub- 
1 
dush 


Distribution. 


terapaces;  at  apex 
and  out  m  axilla. 
Rumble  over  apex 
only 


Clinical  ccmdition. 


Blow  loudest  at  2d   Vegetation  at  aortio 
right  and  2d  left  in-      valve,   aortic  insuf- 


ficiency. Sometimes, 
but  not  necessarily, 
mitral  insuffleieney, 
orcasionally  alio 
mitral  stenosis. 


VASCULAR   SOUNDS    AND    MURMURS. 

Arterial. — Besides  the  murmurs  transmitted  from  the  heart,  murmurs 
'also  occasionally  arise  in  the  arteries  themselves.  A  systolic  murmur  and 
an  audible  first  sound  (pistol-shot  tone)  may  be  produced  by  pressure  with 
the  stethoscope  over  the  arteries,  but  without  exerting  a  definite  pressure 
it  may  often  be  found  accompanying  the  dilatation  of  markedly  pulsating 
arteries,  as  in  aortic  insufficiency  and  with  dicrotic  pulses,  etc.  The  eddies 
arising  in  an  aneurism  usually  give  rise  to  a  rough  or  blowing  systolic 
murmur  which  may  be  transmitted  for  a  considerable  distance  along  the 
arteries.  In  aortic  insufficiency  a  double  murmur  (sytoUc  and  diastolic) 
may  be  heard  over  the  arteries  (Duroziez). 

Venous, — Sounds  over  the  regular  vein  have  long  been  heard  in  anaemias 
(Cohnheim,  Camac)  and  the  tracings  of  Weiss  and  Joachim  show  that  these 
are  present  throughout  the  cardiac  cycle.  Josu6  has  shown,  however,  that  the 
normal  venous  pulse  imparts  a  sound  of  presystolic  gallop  rhythm  to  the 
stethoscope,  while  the  ventricular  types  of  venous  pulse  give  rise  to  single 
loud  sounds;  so  that  this  method  can  be  used  in  the  diagnosis  of  cardiac 
arrhythmiius. 

In  accordance  with  these  findings,  an  auricular  extrasystole  is  accom- 
panied by  two  sounds,  a  ventricular  extrasystole  is  accompanied  by  one 
loud  sound,  and  in  the  absolute  arrhythmia  of  auricular   fibrillation  there 
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is  an  indefinite  series  of  single  distinct  sounds  occurring  irrep^jlarly,  not  inter- 
rupted by  any  series  of  double  sounds.  The  venous  sounds  of  Josu<5  are 
most  distinct  in  persons  who  have  a  high  venous  pressure  and  hence  most 
distinct  'm  those  persons  whose  venous  pulse  cannot  be  well  studied  by 
inspection. 

It  is  evident  from  what  hai^  gone  before,  as  well  as  from  the  consensus 
of  medical  practice,  that  auscultation  furnishes  a  most  important  means 
of  lUa^nosis  of  ciirdiac  lesion.  It  is  equally  evident  that  each  abnormal 
sound  may  be  associated  vdth  any  one  of  several  clinical  conditions,  which 
must  \ye  still  further  differentiated  from  one  another,  not  oniy  by  the  mur- 
mur but  by  its  distribution,  transmission,  and  variations,  but  particularly 
by  the  other  methods  of  physical  examioation,  graphic  methods,  and  X-ray 
examination. 
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I. 

PRIMARY  CARDIAC  OVERSTRAIN. 

It  has  long  been  known  that  heart  failure  may  arise  from  simple  over- 
strain of  the  heart  without  the  intervention  of  any  actual  cardiac  lesions. 
This  condition  usually  remaina  acute  and  ends  in  rapid  recovery,  but  it 
may  also  become  chronic  and  reduce  the  patient  to  lasting  invalidism.  In 
its  worst  form  such  a  purely  functional  weakening  of  the  heart  may  result 
in  death. 

This  conception  was  first  introduced  by  Stokes  in  1854,  and  was  con- 
firmeii  later  by  studies  of  Clifford  AUbutt,  A.  R.  B,  Myers,  and  Peacock  in 
England,  and  da  Costa  in  America.  Their  articles  were  collected,  trans- 
lated into  German,  and  published,  along  with  an  excellent  monograph 
upon  the  subject,  by  Johannes  Seitz,  of  Zurich,  in  1875,  bringing  them  to 
the  cognizance  of  the  CJerman  writers.  In  18S6  v.  I^yden  added  important 
contributions.  In  1898  the  matter  was  subjected  to  clinical  experiment 
by  Theodor  Schott,  whose  conclusions  have  been  disputed  by  a  host  of 
later  and  more  careful  observers. 

The  most  interesting,  extensive,  and  complete  of  all  these  papers  are 
those  of  da  Costa,  based  upon  several  hundretl  cases  occurring  among 
Union  soldiers  of  the  Civil  War.  His  experience  and  deductions  are  paralleled 
and  confirmed  by  those  in  the  great  European  war,  which  have  recently  been 
brought  together  by  Sir  James  Mackenzie,  Drs.  R.  M.  Wilson,  F.  J.  Poynton, 
P.  Hamill,  Alexander  Morison,  0.  Leyton,  Florence  Stoney,  R.  Bezly  Thome, 
Capt.  R.  W.  Mitchell,  and  Major  T.  R.  Bradshaw  before  the  Royal  Medical 
Society  (Proc.  Roy.  Med.  Soc,  Lood.,  1916,  ix,  Therap,  and  Pharmacol, 
sec,  27).  It  is  often  termed  disordered  action  of  the  heart 
(D.  A.  H.). 

CLINICAL  CASES. 

A  very  typical  case  of  Da  Costa's  series  is  illustrated  by  the  following 
history. 

Case  I.— I  r  r  i  t  a  b  I  e  heart,  chiefly  from  hard  Bervico;  recovery. 
—Wm.  Henry  H.,  private  68th  Pennsylvania  Vol.,  admitted  into  the  Turner's  Lane  Hospital 
in  Pliiladelphin,  November  2,  1S63,  having  juat  returned  from  a  furlough.  He  enlisted  in 
Aupjust,  1862,  at  the  time  in  goo-d  health,  though  he  had  suffered  occasionally  from  rheu- 
matiam.  He  did  a  great  deal  of  hard  duty  with  hia  regiment.  Some  time  before  the  battle 
of  FredJericksburg.  he  had  an  attack  of  diarrhoea;  after  the  battle,  he  waa  sei^d  with 
lancinating  pains  in  the  cardiac  region,  so  intense  that  he  was 
obliged  to  throw  himself  down  upon  the  ground,  with  palpitation. 
These  symptoma  frequently  returned  while  on  the  march,  were  attended  with  dimness  of 
vision  and  giddiness,  and  obliged  him  often  to  fall  out  from  his  company  and  ride  in  the 
ambulance.  Yet  he  remained  with  hia  regiment  until  J  u  I  y  4,  1863,  when  he  waa  wounded 
at  the  battle  of  Gettysburg.  The  wound  healed  in  about  one  month ;  but  the  cardiac 
symptoms  became  worse,  and  violent  palpitations  ensued  upon  the  sUghteet  exertion, 
sometimes  also  whilst  in  bod,  obliging  him  to  rise.     There  was  soreness  in  the  cardiac 
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region,  and  a  constant  dull  pain.  The  impulse  was  extended,  slijiflitly  jerky,  96,  and  of 
irregular  rhythm,  some  beats  following  one  another  in  rapid  succession;  the  first  sound  was 
feeble,  the  second  very  rlistinct.  The  man  did  imt  look  sick.  Height  5  feet  7  inches; 
mea.'iured  'St  inches)  around  the  chest  one  inch  below  the  nipple;  he  did  not  smoke;  cliewed 
tobacco  in  moderation. 

The  patient  «lid  not  iniprove  under  aconite;  but  under  digitalis  the  impulse  Ijecame 
qiuet  and  7.S,  ajid  on  March  2;?,  Iiaving  previously  done  duty  as  orderly,  he  was  detailed 
on  police  d  u  t  y,  and  his  treatment  stopped.  The  heart  contimiing  to  act  regularly, 
he  returned  to  liis  regiment  May  3,  18ft4. 

Another  ca.sc,  quoted  from  v.  Ley  den,  illustrates  the  various  phases 
the  malady  very  welL 

Case  II. — C*arl  Timm,  butcher,  aged  30.  Family  history  negative.  Syphilis  ten  years 
before,  quiej*eent  for  several  years.  Otherwise  always  healthy.  Performed  military  8er\'ice 
for  5  years  without  any  trouble.  In  the  fall  of  ISHO  Ixjcame  a  butcher  in  the  Charity  Hospital 
where  he  had  to  lift  and  chop  Hides  of  beef  weighing  200  lbs.  The 
first  symptoms  appeared  suddenly  on  the  afternoon  of  December  30,  IS.SO,  during  an 
ordinary  day's  work,  when  he  felt  a  severe  pressure  in  the  pit  of  the  Htomach, 
preventing  him  from  taking  a  deep  breatli  and  causing  him  to  stop  in  his  work.  At  this 
time  he  noticed  p  a  1  p  i  (  a  t  i  o  n  and  irregularity  of  the  heart.  For  several  days 
after  tliijs  he  did  no  heavy  work  and  then  felt  well.  When  he  tried  to  do  heavy 
lifting  again  the  same  pain  and  sensation  of  pret<!sure  returned,  and 
though  he  continued  his  work  he  wujs  compelled  lo  stop  for  breath  from  lime  to  time.  On 
Feb.  17,  ISSI,  the  {lain  berame  vorj'  intense  and  he  entered  the  ho.spital  on  Feb.  21. 

Pkysicat  KxamimitioH. — Patient  ie  a  very  weli-built  young  man,  well  ituincled,  well 
nourished  but  not  fat.  Complexion  florid  but  heakhy  looking.  No  dyspnnea  or 
cyanosis.  Moderate  oedema  of  iower  extremities.  Patient  compluin.s  only 
of  palpitation  of  the  heart.  The  pulse  is  sirikirigly  irregular  so  that  it  is  im- 
posfiible  to  count.  The  radial  arteries  are  small,  blooil-pressure  apparently  low.  Tlie 
cardiac  impulse  is  intense,  vibratory,  and  very  irregular.  Apex  impulse  is  in 
5tK  left  inters  trace  2  cm.  beyond  mammillary  1  i  n  e  ,  well  marked,  read- 
ily palpable.  Carxliac  dulness  begins  above  at  3d  rib,  extending  below  (o  6th  rib,  and 
reaching  just  to  the  right  of  the  sternum.  Heart  sounds  are  feeble  and  une(|ual  but 
clear.  Lungs  clear.  Liver  and  spleen  are  not  enlarged.  Urine  500  c.c,  sp.  gr.  1023,  no 
albumin. 

Ordered  rest  in  bed,  ice-bag  over  heart ,  infusion  of  digitalis  every 
2  hours,  Within  a  few  days  symptoms  and  cedenia  had  subsidetl,  but  the 
irregular  heart  action  iwrsintcil.  By  March  20  he  was  well  enough  to  be  discharged,  with 
the  following  note:  .\pex  beat  0.5  cm.  to  left  of  nmnunillary  line;  first  sound  at  apex 
loud  and  ringing,  second  sound  distant  but  clear;  pulse  irregular;  examination  otherwise 
negative. 

This  represents  the  first  stage  of  his  illness,  in  which  the  following 
features  are  noteworthy:  1.  A  very  strong  and  perfectly  healthy  young 
man  suffers  from  heart  failure  &s  the  iniinediate  result  of  overstrain.  The 
first  attack  came  on  suddenly  while  at  work  and  passed  off  soon,  but  attacks 
recurred  whenever  the  patient  did  heavy  work,  and  he  was  cainpelled  to 
enter  the  hospital.  2.  Physical  findings;  licart  dilated  especially  in  the 
longitudinal  axis,  weak  apex  }>eat  (dilatation  of  left  ventricle),  great  cardiac 
irrepjularity.  3.  Relatively  rapid  improvement  after  rest  in  bed  and  digi- 
talis. 4.  The  heart  then  returned  to  almost  normal  size,  but  the  irregu- 
larity in  rhythm  persisted. 

Second  Slage.— Patient  returned  to  his  old  work  in  spite  of  warning, 
and  within  two  months  oeilema  of  the  legs  had  again  set  in  and  he  was  conhned  to 
l>ed  for  eight  weeks  inore.  Returning  to  work  again,  he  could  perform  only 
very  light  la  b o  r,  and  very  soon  returne^l  once  more  to  the  hospital  for  seven  weeks, 
with  still  more  marked  ccdema..  Once  more  tlieae  disturbances  iiisappeared  after  rest  and 
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digitalis,  but  thereafter  the  slightest  work  caused  palpitation  and  the  feeling  as  though 
there  were  a.  tight  cord  about  the  chest.  He  also  felt  pain  in  the  region  of  the 
liver.  At  this  point  he  re-entered  the  hospital.  Pulse  IHIJ,  small,  irregular.  Face  fliiisbed, 
no  cyanosis.  Expression  de|»re8tieiJ.  Skin  nonnal;  w^lemu  of  feel  aiKl  legs.  Gangrene  of 
big  toe  of  right  foot.  Respiraliuti  a  little  rapid,  dyspno'u  only  on  exercise,  but  while  walk- 
ing he  often  tjtojia  to  catch  his  breath.  Occasionally  he  has  attacks  of  dy.spnGpa  la-sting 
about  lU  rniniJtotf,  l>eginning  with  a  feelir  g  of  pressure  in  the  region  of  the  heart,  lie 
then  feels  o^  though  hot  liquid  were  pouring  from  the  heart  upwartis  to  each  aide  of 
the  neck- 

Pftyntcal  Si^ns. — A  p  e  x  beat  in  6 1  U  i  e  f  t  interspace  in  anterior  axillary 
line,  soft  and  easily  compressed.  Heart  therefore  much  enlarged,  soirnds  clear  and  fairly 
loud,  action  markedly  irregular.     Liver  enlarged  and  tender. 

Ordered  rt'sl  in  IknI,  digitalis,  morphine  at  night.  Patient  became  much  better 
within  twenty-four  hours.  puLse  then  *i>i  jjcr  minute.  The  attacks  of  dyspnoea  alm<Mit 
(Usapijeared.  L'rine  1300,  sp.  gr.  1020.  Within  six  days  all  cardiac  B\Tnpti>niB  had  dis- 
appeared. March  11:  Pulse  52,  Feels  well,  no  paJn.  Apex  beat  in  5th  left  interspace 
3  cm.  beyond  mammillary  line,  motlerately  forceful.  Heart  sounda  clear  but  irregular. 
He  still  occasionally  has  feeling  of  pressure  in  chest. 

Features  of  second  stage:  1.  Dilatation  of  heart  much 
more  marked  than  before,  2.  Verj-  rapid  and  very  irregular 
heart  action.  3.  Definite  attacks  of  pain  in  heart  and  feeling  of  preasui-e 
(antriiioid  in  character),  with  nuliating  pains  in  .shoulder  and  arm.  4.  Swell- 
ing of  liver  (failure  of  right  heart).  5.  Return  to  almost  normal  under 
treatment,  dimiinttion  in  size  of  left  ventricle.  6.  Intercurrent  affections: 
small  infarct  of  lung,  pressure  gangrene  of  great  toe,  recovered  from. 

Third  Stage. — Returned  to  the  hospital  in  July,  1S85  (two  years  later).  He  haa  been 
able  tu  lio  very  httle  since  last  admission.  Now  much  emaciated,  face  thin,  ap- 
pears depressed.  Cheeks  and  lips  slightly  cyanotic.  Respiration  dyspnwic  and 
stertorous.     No  orthopJKi'a.     Moiierate  uedema  of  shins. 

C'anliac  impulse  seen  in  5th  to  7lh  left  interspaces,  ajjex  beat  felt  in  7th  in  axillary 
line,  forcible.  Heart  mte  uiiout  132,  irregular.  Cardiac  duluess  19  cm,  from  left  sternal 
margin,  (UptK-r  limit  of  cardiac  dulness  as  before  begins  at  .'}d  rib.)  Liver  readily  pal- 
pable. I^ounds  loud,  more  or  less  short  but  no  munnur.  Did  not  remain  in  hospital,  but 
on  October  4,  1.S85,  was  brought  in  again  in  collapst*.  Marked  cyain>si.s,  extremities  cold, 
cederua  uf  legs  up  to  knees.  Heart  as  before,  sounds  still  clear.  Pulse  150.  Liver  a  hand's 
breadth  below  costal  margin.  Ordered  digitalis,  atso  camphor  subcutaneously,  tea  with 
cognac.  At  midnight  collapse  more  marked,  very  marke<l  dyspmi-a  and  cya«iosis;  threw 
liiniswlf  to  and  frt),  groaned  loudly.  PuLse  not  palpable,  not  nn'ivetl  by  camphor  or  ether 
injection.  .\t  2  a.m.  became  quiet;  stertorous  breatliing  set  in  at  3  a.m.;  died  quietly  at 
3.15  a.m. 

AutofMtf. — Marked  oedema  of  legs.  Both  lungs  slightly  retracted,  slightly  adherent 
over  af>ire».  Pericanlium  distended,  Uttle  fluid.  Heart  markedly  enlarged  (more 
than  twice  the  siite  of  patient's  fist),esi»ecially  in  tlie  longitudinal  axis.  Left  ventri- 
cle more  dilated  than  right.  Dislunce  from  insertion  of  pulmonary  artery 
to  aiMJx  13  cm.,  to  right  border  of  heart  10  cm.  Length  of  left  ventricle  15  cm.  Little 
epicardial  fat.  Valves  normal,  aortic  valves  close  perfectly.  Papillary  iimscles  well  devel-' 
ofjeil,  some  trabecuJa'  flattened  and  undergoing  fibrous  changes.  A  libroii.-*  patch  is  seen 
on  the  interior  surface  of  the  left  ventricle.  Endocanlium  otherwise  delicate,  showing 
some  yellow  arcAs  of  fatty  degeneration  of  the  endocardium  and  papillary  muscles.  Cut 
surface  of  heart  muscle  shows  cloudy  swelling.  Left  auricle  markedly  di» 
la  ted.  Right  ventricle  appears  p>ale  with  spots  of  yellow.  Lungs,  oedema  of  bases. 
Liver,  marketlly  enlarged;  definite  nutm^  liver.  K  i  d n  e  y  s ,  large,  dark  red,  harder 
than  normal. 

Microscopic  examination  shows  extensive  fatty  degeneration  of  muscle-fibres,  but 
only  in  the  inner  layers.  No  interstitial  changes,  no  changes  in  blootl-veasels 
or  ner\'e8  of  the  heart.  Here  and  there  the  interstitial  strands  of  connective  tiaaue 
appeared  thicker  than  normal  but  without  cellular  infiltration. 


ETIOLOGY. 

In  Da  Costa's  200  soldiers,  well-marked  fever  preceded  the  overstrain 
in  17  per  cent.;  diarrhoea  (among  which  there  may  have  been  many  mild 
cases  of  typhoid  fever)  30,5  per  cent. ;  Sir  James  Mackenzie  and  Wilson  have 
found  that  in  90  per  cent,  of  the  cases  of  overstrain  in  the  British  Army  in 
France  the  underlying  cause  is  a  bacterial  infection.  Lewis  and  Tele  have 
frequently  found  staphylococci  and  streptococci  in  the  urine  of  such  cases. 
PojTiton  finds  that  the  patients  are  often  adotescents  of  great  stature  with 
big  frames,  but  often  decidedly  anaemic,  cases  of  long  flat  chest  with  low  heart 
(bathycardia — see  page  697).  Florence'  Stoney  calls  attention  to  the  impor- 
tance of  incipient  Basedow's  disease.  In  short,  anything  that  weakens  the 
heart  and  lowers  its  tonicity  predisposes  it  to  dilatation  and  overstrain.  Over- 
strain is  very  frequent  among  miners,  metal  workers,  carriers  of  heavy  burdens, 
blacksmiths,  moulders.  Morton  Prince  calls  attention  to  the  development  of 
cardiac  dilatation  under  severe  mental  strain,  as  in  a  civil  service  examination. 
Anaemia  and  chlorosis  (Hcnschen),  apparently  mild  illnesses,  intestinal  dis- 
turbances, acute  alcoholism,  and  febrile  diseases  (Dietlen)  are  also  frequent 
causes.  Sexual  excess  is  an  important  factor,  especially  in  men;  but  its  effects 
are  usually  more  marked  in  hearts  ali-eady  weakened  from  other  diseases 
or  from  valvular  lesions  than  in  perfectly  healthy  hearts. 

Myers,  Allbutt,  and  Schott  have  shown  that  tight  belts,  uniforms, 
and  corsets  displace  the  heart,  upward,  embarrass  its  Hction,  and  predispose 
to  overstrain.  Indeed  Myers  found  that  cavalry  soldiers  with  tight  belts 
suffered  more  from  long  rides  than  infantry  from  marching  the  same  dis- 
tance. 

SYMPTOMS,    SIGNS,    AND    CLINICAL   COURSE. 

The  chief  symptoms  are  dulness,  excitability,  nervousness,  loss  of 
sleep,  loss  of  appetite,  restlessne.s8,  buzzing  in  the  ears,  vertigo,  muscffi 
volitantcs,  palpitation  of  the  heart,  usually  very  severe  and  often  asso- 
ciated with  a  feeling  of  pressure  or  constriction  over  the  chest.  This  may 
be  very  distressing,  but  does  not,  as  a  rule,  cause  the  patient  to  remain 
absolutely  still  nor  give  htm  the  fear  of  sudden  death,  though  da  Costa 
mentions  cases  in  which  the  precordial  distress  was  great  enough  to  cause 
soldiers  to  fall  to  the  ground  in  the  midst  of  battle. 

Pain  over  the  precordiura  and  the  left  shoulder,  occasionally  down 
the  arm,  increased  on  inspiration  and  on  coughing. 

Dull  headache,  dizziness,  especially  on  bending  over,  sleep- 
lessness, indigestion,  tympanites,  and  diarrhoea  are  common. 

The  patient  t)ften  wears  an  anxious  expression  and  there  are  usually 
pallor  and  more  or  less  cyanosis.  Pulse  is  usually  small,  feeble,  rapid,  and 
often  irregular.  The  cardiac  impulse  may  be  barely  or  not  at  all  visible, 
but  on  percussion  the  area  of  relative  cardiac  dulness  is  usually  found  to  be 
enlarged  considerably  to  the  left  both  downward  and  upward,  and  often  also 
to  the  right  as  well.  This  corresponds  to  the  dilatation  of  the  left  ventricle 
and  of  both  auricles  (i.e.,  diameters  MH  and  ML,  Fig.  84,  are  much  increased). 

On  the  other  hand  Katieniitein  lias  shown  that  in  just  these  casca  the  irnpuUe 
may  be  exceptionally  strong  and  impart  a  heaving  to  the  whole 
chest,  even  though  the  heart  !>  e  much  d  i  1  a  t  e  «J  ,  failing,  and  devoid 
of  the  slightest  trace  of  hypertrophy.    A  Bystolic  retraction  is  usually  seen  over  the  greater 
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part  of  ihe  precordium  of  these  ovenvorkinj?  Ihearts  (Fig.  89).  corresponding  to  the  con- 
traction of  the  right  ventricle  (page  155).  Occasionally  in  rapid  and  irrepular  hearts  tliia 
appearance  is  somewhat  puzzling  an<]  hjm  led  some  clinicians  to  dictate  notes  of  "delirium 
cordis"  where  thin  condition  was  not  present  at  all.' 

The  area  of  relative  cardiac  dulness  is  much  enlar^d  (Fig. 
112),  eapecially  to  the  left,  both  downwards,  corresponding  to  the  dilata- 
tion of  the  ventricle,  and  upwards,  corresponding  to  the  auricle.  In  more 
severe  cases,  especially  with  marked  cyanosis,  the  dulness  is  enlarged 
also  to  the  right  from  dilatation  of  the  right  auricle.  Occasionally  this 
dilatation  may  have  pti&sed  off"  before  the  patient  has  been  seen  by  the 
physician  and  only  the  other 
symptoms  and  signs  persist,  but 
it  is  safe  to  assume  that  it  has 
been  present  at  an  earlier  stage 
of  the  disease. 

The  heart  sounds  may 
be  either  very  distant  and  feeble 
or  very  short  and  sharp,  corre- 
sponding to  the  two  types  of 
cardiac  impulse.  They  are  usu- 
ally unaccompanied  by  mur- 
murs, but  in  an  irregular  heart 
may  be  of  uneven  intensity. 
The  second  pulmonic  is  usually 
the  loudest  sound  heard.  The 
clearness  of  the  first  sound  is 
often  altered  by  a  reduplication, 
especially  in  rapid  hearts,  or  by 
the  presence  of  a  soft  blowing  systolic  murmur,  which  is  usually  loudest 
over  the  pulmonic  or  tricuspid  area,  but  occasionally  also  heard  to  the 
anterior  axilla.  These  sounds  do  not  always  but  may  sometimes  corre- 
spond to  the  presence  of  functional  insufficiency  of  the  mitral  valve 
(vide  page  422),'*  in  other  eases  to  anaemia.  It  is,  however,  extremely 
difficult  or  sometimes  impossible  to  decide  absolutely  whether  such  an 
insufficiency  is  present. 

The  pulse  is  usually  rapid,  ranging  from  SO  to  160  per  minute, 
small,  and  weak,  in  many  cases  irregular  in  both  force  and  rhythm.  In 
less  severe  cases  there  are  only  occasional  extrasystoles  (Schott) ;  in  the 
more  advanced  there  is  an  absolutely  irregular  rhythm  which  persists 
even  after  the  rat€  slows.  There  is  often  persistent  tachycardia  without 
dyspnoea,  lasting  for  even  weeks  or  months. 

CUntcal  Course. — In  some  cases,  however,  aU  the  signs  and  symptoms 
of  overstrain  may  be  present  without  any  irregularity  whatever,  but  often 
associated  with  a  rapid  and  regular  pulse.  Occasionally  the  pulse  may  be 
regular  only  while  it  is  rapid,  but  becomes  irregular  as  the  rate  diminishes. 
In  many  cases  no  murmurs  or  other  signs  of  valvular  insufficiency  are 

*  The  t«rm  delirium  cordis  is  used  rather  indefiniteiy  to  designate  conditions 
vaiying  between  extreme  irre^larity  with  tachycardia  and  true  fibrillation  of  the  heart. 
The  onset  of  the  latter  is,  however,  not  consistent  with  tfie  existence  of  life. 
13 


Fio.  112. — Cardiac  dulness  in  v.  Leyden's  case  upoa  hia 
three suGoeMdve adjnissionB  (I.  II.  Ili). 
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encountered,  while  in  still  others  a  relative  or  functional  insufficiency  of 
the  mitral  or  tricuspid  valve  results  from  the  cardiac  dilatation,  with  some 
embarrajisment  of  the  heart  resulting  therefrom  in  addition  to  the  original 
failure.  Systolic  (functional)  murmurs  are  heard  in  thei^  areas,  and  the 
stasis  is  still  further  increased  by  the  regurgitation  of  blood.  The  a?deraa 
becomes  extreme,  hydrothorax  may  set  in,  and  death  soon  results.  As  in 
the  case  of  da  Costa's  patient  under  tliscussion,  the  progress  may  be  sluy^d 
somewhat  by  occasional  treatment  and  rest.  If  the  latter  is  sufficient  and 
the  disease  not  too  far  advanced,  the  patient \s  life  may  be  saved. 

The  liver,  as  in  Case  II,  enlarges  when  the  conthtion  becomes  severe 
and  tricuspid  insufficiency  has  set  in.  Its  edge  is  then  smooth  and  varies 
in  consistency  from  being  rounded  and  so  soft  as  to  be  palpable  only 
with  the  side  of  the  index  finger  to  almost  board-like  hardness.  It  u 
always  smooth.  In  severe  cases  jauntlice  may  be  present  and  the  livermay 
pulsate. 

The  abdomen  is  often  distended  with  gas,  a  factor  which  contril)- 
utes  largely  to  the  cardiac  discomfort  by  pushing  up  the  diaphragm.  In 
the  later  stages  of  heart  failure  ascites  may  be  present. 

The   genitalia  show  oedema  only  in  the  later  stages  of  the  disease. 

The  lower  extremities  are  often  cedematous,  the  swelling  first  mani- 
festing itself  about  ankles  and  shins. 

The  urine  during  the  period  of  heart  failure  is  usually  scant,— less 
than  yfX)  c.c.  (30  ounces)  for  24  hours, — owing  to  diminished  rapidity  of  blocKi 
flow.  It  is  then  of  high  sj^ecific  gravity  (1020  and  over),  and  oft^n  contains 
albumin  and  casts.  In  extreme  stasis  numerous  epitheUal,  coarsely  and 
finely  granular,  and  hyaline  casts  are  seen  in  every  field  of  the  microscope. 

Blood.  The  blood  picture  may  vary  from  a  moderate  aniemia  to 
a  real  polycji;h[cmia;  dependent  upon  the  condition  of  the  patient  before 
the  over-exertion. 

The  sputum  may  be  scanty  and  mucous,  or  profuse,  frothy,  and 
albuminous,  dependent  upon  the  relative  strength  of  the  right  and  left 
ventricles.  In  rare  cases  haemoptysis  results  during  the  exertion  from 
engorgement  of  the  puhiionary  capillaries. 

Transitory  Cardiac  Dilatation.  ^  A  particularly  instructive  series  of 
cases  stmlied  with  modern  methods  are  those  reported  by  Hornung  (1908). 
Among  1100  cases  which  he  watched  with  the  X-ray  during  the  past  seven 
years  he  has  met  with  a  number  who  usually  showerl  i>erfectly  normal 
hearts  but  were  subject  to  acute  dilatation  after  ovei-strain.  This  was 
particularly  frequent  in  persons  who  had  used  alcohol  to  excess,  in  those 
who  had  recently  suffered  from  infectious  diseases,  and  in  anaemic  indi- 
viduals. The  attacks  of  dilatation  are  brought  on  by  fright, 
high  altitudes,  excitement,  over -exert  ion,  etc.  Sexual  ex- 
citement might  be  added  to  this  list.  Hornung  returns  to  the  old  view  of 
Seitz,  Allbutt,  and  v.  Ley  den,  that  cardiac  overstrain  with  acute 
dilatation  is  much  more  common  than  might  be  supposed 
from  the  work  of  Moritz  and  his  pupils. 

For  a  long  period,  however,  he  may  be  expected  to  be  more  subject 
to  other  attacks  than  before,  although  by  care  he  may  remain  free  from 
them.    Just  how  long  this  susceptibility  may  last  varies  with  each  case. 


but  da  Costa  has  shown  us  that  after  carefully  sparing  the  patient  from  all 
severe  effort  for  weeks  or  even  nionth.s,  he  may  again  perform  even  such 
flevere  eflforts  as  are  entailed  on  cavalry  charges  and  forced  marches  without 
iiijur>'  and  may  lead  a  life  of  perfect  health. 

The  other  side  of  the  picture  is  shown  by  v.  Leyden's  case.  Tliis  man 
returned  to  work  in  spite  of  the  discomfort.  The  latter  became  worse,  and 
after  beaiing  it  for  three  months  he  entered  the  hospital  with  a  heart  already 
dilated  and  permanently  irregular,  and  with  well-marked  osdema  of  the 
limbs.  Definite  heart  failure  had  set  in.  From  thiH  he  recovered  under 
rest  and  treatment  with  digitalis.  His  heart  resumed  almost  normal  size, 
lus  oedema  disappeared.  The  circulation  once  more  returned  to  almost 
Qormal,  but  one  permanent  injury  had  been  done  for  which  the  treatment 
was  of  no  avail.  The  heart  action  had  become  irregular  and  remained  so. 
The  commencement  of  permanent  absolute  irregularity  in  rate  (pulsus 
irregularis  perpetuus)  (see  Part  I,  Chapter  IV)  at  this  stage  is  a  very  com- 
mon occurrence  in  overstrained  hearts,  and  seems  to  be  one  of  the  most 
important  factors  in  determining  the  subsequent  course  of  the  disease  (see 
page  191).  When  the  irregularity  persists  it  adds  its  own  mechanical  effects 
on  the  circulation  to  those  already  present  and  increases  the  overstrain. 

When  a  Life  of  strenuous  mu.scular  work  is  continued  by  such  a  patient 
the  result  is  inevitable.  Strain  follows  strain,  and  the  condition  brought 
about  by  the  first  failure  is  exaggerated  with  each  successive  day's  work. 
The  attacks  of  pain  and  pressure  in  the  thorax  (anginoid  attacks)  increase 
in  eeverity  and  frequency.  The  heart  dilates  more  and  becomes  corre- 
spondingly weaker.  Blood  stagnates  in  the  veins,  first  in  the  more  depend- 
ent portions,  causing  cedema  of  the  ankles,  shins,  thighs,  genitalia,  then 
enlargement  of  the  liver  and  ascites  from  stasis  in  the  portal  system,  finally 
oedema  of  the  face  and  arms.  The  heart  dilates  still  more;  the  mitral  and 
tricuspid  orifices  no  longer  close.  After  each  attack  he  is  less  vigorous 
than  before,  and  greater  care  must  be  taken  to  avoid  exertion.  For  the 
manual  laborer  such  a  life  may  be  at  once  impossible  and  intolerable,  but 
the  Utt<^rateur,  the  scholar,  the  scientist,  and  the  man  of  affairs  may  be 
saved  for  years  to  a  life  of  quiet  but  none  the  less  useful  activity  in  spite  of 
a  considerable  degree  of  cardiac  break-down. 
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OlAONOStS. 

The  diagnosis  of  primarj'  overstrain  of  the  heart  is  not  always  simple. 
It  is  always  a  question  not  of  whether  the  heart  has  been  overstrained  but 
of  whether  this  weakening  is  primary,  and  whether  the  heart  was  perfectly 
healthy  before  the  effort  was  made.  If  the  heart,  muscle,  or  valves  were 
in  any  way  diseased  before  the  effort,  the  overstrain  may  be  considered  as 
secondary  to  that  lesion.  Accordingly  the  diagnosis  rests  upon  the  pre- 
vious history,  upon  the  nature,  duration,  and  sequela  of  previous  infec- 
tious diseases,  upon  the  degree  of  arteriosclerosis,  and  upon  the  general 
health  of  the  patient  before  the  onset  of  the  trouble. 

Latent  myocarditis,  fatty  degeneration,  and  arteriosclerosis  are  par- 
ticularly difficult  to  exclude.  A  mild  grade  of  myocarditis  may  have  given 
sj'raptom  whatever  in  daily  life,  but  become  apparent  when  exercise 
;Tiolent.    A  mild  grade  of  arteriosclerosis  is  practically  universal  among 
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persons  past  middle  age,  but  if  considerable  efforts  had  been  made  without 
symptoms  of  cardiac  insufficiency  these  may  be  disregarded.  When  symp- 
toms of  heart  failure  occur  suddenly  in  a  robust  individual  during  or  after 
some  intense  muscular  or  nervous  effort,  acute  cardiac  dilatation  and  over- 
strain may  usually  be  diagnosed  with  certainty,  but,  like  hysteria  among 
the  nervous  diseases,  it  should  be  arrived  at  only  after  a  process  of  careful 
exclusion. 
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II. 

PATHOLOGICAL  PHYSIOLOGY  OF  EXERCISE,  CARDIAC  OVER- 
STRAIN, HEART  FAILURE,  AND  COMPENSATION. 

PHYSIOLOGY    OF   EXERCISE. 

It  is  evident  from  the  foregoing  examples  that  muscular  efforts  which 
lead  to  cardiac  overstrain  are  in  themselves  merely  the  exaggeration  of 
ordinary  exercises.  To  understand  these  effects  it  ia  necessary  first  to 
understand  those  of  ordinary  exercise. 

McCurdy  has  classified  exercises  as — 

1.  Exercises  of  speed,  like  running,  chest  weight  ezercisee,  etc.,  in  which 
tlie  individual  moveinent«  require  little  effort,  but  the  main  effort  lies  in  the  rapidity  with 
which  they  are  repeated. 

2.  Exercises  of  endurance,  as.  in  lonR-distance  mnninK,  prolonged  walk- 
ing>  forced  marches,  etc.,  in  which  the  movements  ure  neither  difficult  nor  especially 
rapid  and  the  element  of  strain  sets  in  only  with  the  onset  of  fatigue. 

3.  Exercises   of  strain,    wa  lifting  hea^'y  objects,  wrestling,  etc. 

Exercises  of  Speed. — The  cases  of  cardiac  overstrain  reported  by  All- 
butt  and  da  Costa  represent  overstrain  from  exercises  of  endurance;  those 
by  V.  Leyden  and  Munzinger  represent  exercises  of  strain, 

Masing,  Erlanger  and  Hooker,  Dawson  and  Eyster,  and  Gordon 
have  investigated  the  effect  of  exercises  of  speed  such  as  rapid  weight- 
lifting,  running,  etc.,  upon  man.  The  three  last  named  have  found  that 
in  individuals  in  training,  whose  circulation  is  least  affected,  mild  exercise 
causes  either  no  change  or  else  a  fall  of  blood-pressure.  Tangl  and 
Zuntz  also  found  this  in  horses  and  a  similar  period,  though  of  short 
duration,  in  dogs  running  on  a  tread-mill. 

In  all  muscular  work  an  increased  amount  of  CO,  is  given  off  from  the 
muscles  and  acts  as  a  hormone'  which  sets  into  play  the  following  physio- 
logical mechanisms: 

1.  Vasodilation  in  the  muscles,  diverting  four  or  five  times  as  much  blood  through 
this  channel   (Chauveau  and  Kaufmann). 

2.  Acceleration  of  the  heart,  at  first  through  diminution  in  the  vagus  action,  and  ift 
the  later  stages  of  prolonged  severe  exercise  chiefly  through  stimulation  of  the  accelerator^ 
(Hering,  Bowen). 

3.  Vasoconstriction,  e8|>eciall.y  in  the  splanchnic  vessels,  which  tends  to  counteract 
the  effect  of  the  vasodilatation  in  the  muscles. 

4.  Stimulation  of  the  augmentor  fibres,  and  perhaps  also  of  the  heart  muscle,  directly, 
causing  an  tncreai?i:«l  force  of  contraction  (higher  maximal  pressure)  and  an  increiised 
systolic  output  (liigher  pulse-preKsmre),  Stimulation  of  the  aiigmentor  fibres  also,  as  a 
rule,  causes  increased  cardiac  tonicity. 

'  Hormone,  a  substance  generated  in  one  part  of  the  body  which  circulates  in  the 
blood,  reaches  and  sets  into  activity  another  organ,  thus  playing  the  rdle  of  a  "chemical 
messenger."  (Cf.  Starling,  E,  H.:  On  the  Chemical  Correlation  of  the  FunctionB  of  the 
Bo<ly,  Lancet,  Loud.,  1905,  ii,  391,  423,  501,  579.) 
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The  heart  of  the  trained  athlete  is  habitually  throwing  out 
an  amount  of  blood  suited,  not  to  the  needs  of  the  nioznent,  but  to  the 
needs  of  the  jxrioils  of  exercise  to  which  he  has  aceu.stomed  himself.  The 
systolit'  output  is  above  normal  when  the  exeri'ise  (and  hence  the  increased 
production  of  C(Jj)  is  slight.  The  heart  is  thus  able  to  take  cure  of  the 
excess  CO,  production  in  exercise  without  increasing  its  output;  and  hence 
the  vasodilatation  in  the  muscles  is  the  only  factor  influencing  the  blood- 
pres.*3ure-  When  the  exercise  t>ecome8  severe  the  other  mechanisms  begin  to 
play  a  r6le. 

In  normal  but  not  trained  young  men  Masing  found 
that  upon  lifting  and  lowering  a  weight  with  the  feet  the  blood -pres- 
sure (maximal)  and  pulse-rate  rose  at  once  to  a  con- 
stant height,  where  they  remained  until  the  exercise 
ceased.     They  then  fell  almost  immediately  to  the  original  level.     The 
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FlQ.  113. — Altentionit  of  blood-preastire  due  to  rapid  lifting  of  liRhi  weiichU  mth  the  f««t.    ( Aft«r  Hk«iQg, 
DrutacheM  Arch.  f.  klin.  Med.,  vol.  Uxiv.)     A.  Noicnal  young  maa.     B.   Man  aged  08. 

writer  has  found  that  the  minimal  pressure  rises  also,  but  less  than  the 
maximal,  the  pulse-pressure  being  increased.  In  middle-aged  persons 
Masing  found  that  the  pressure  rose  higher,  and  on  cessation  of  the  exercise 
required  several  minutes  to  reach  the  original  level;  while  in  very  old  persons 
the  rise  was  still  greater  and  neither  pressure  nor  rate  returned  to  normal 
for  a  considerable  period.    The  response  is  proportional  to  the  effort. 

When  exercise  is  continued  in  normal  young  persona  and 
the  organism  readapts  itself  to  the  effort  (the  ''second  wind"  setting  in), 
blootl-pressurc  and  pulse-pressure  again  fall  to  a  fairly  constant  level 
(Dawson  and  Hatfield).  This  probably  explains  why  the  heart-rate  of 
well-trained  Marathon  racers  is  sometimes  slow  at  the  finish.  In  animal 
experiments  it  finds  its  analogy  in  the  improved  cardiac  action  observed 
as  a  result  of  clamping  the  thoracic  aorta,  and  represents  the  response  of 
the  heart  to  a  strain  which  is  not  excessive. 

The  weaker  the  individual  or  the  more  severe  the 
exercise  the  more  prominent  become  factors  2,  3^  and 
4,  the  greater  the  rise  of  bloo  d-p  reasure  and  the 
greater  the  pulse-rate.  The  slowness  at  which  conditions  return 
to  normal  is  more  or  leas  proportional  to  the  exertion  and  the  fatigue. 

It  is  also  true  that  for  a  given  amount  of  exercise  performed  in  a  given 
time  the  amount  of  CO,  formed  is  least  when  it  is  done  w*ith  least  effort 
by  trained   individuals  and  increases  when  the  effort  becomes  marked. 


^^ 


PHYSIOLOGY  OF  EXERCISE. 


19B 


Zuntz  and  Schumburg  have  shown  upon  German  soldiers  that  a  certain 
short  march  used  up  only  5.54. S  calories  of  energy  when  the  subjects  were 
fresh,  but  required  635,5  calories  when  they  were  fatigued.  This  is  prob- 
ably due  to  the  fact  that  with  the  increase  in  effort  accessory-  muscles  are 
called  into  play,  many  of  which  contract  and  give  off  COj  without  mate- 
rially improving  the  execution  of  the  exercise. 
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Fio.  J 14. —  Effect  of  walking  on  »  level  on 
pKtieiit.  with  badly  broken  compeniiation.  (After 
Cabot  and  Bruce.  Am,  J.  M.  Se.,  cxxxiv.) 


Via.  Ilfi. — Effect  of  prolonged  exercise  upon 
the  bloocl-preasure  of  men  in  varioua  ilegree*  of 
muscular  dtreogUi.  The  arrow*  indicate  the  point 
at  which  •ymptoma  of  exhauilioo  let  in.  COM- 
PENSATED, cxtmpennitad  heart  lenons;  FAIL- 
I\G,  brukon  componjuitioa  with  heart  failure.  Up* 
per  mHricia*  of  bandi,  systolic  preaauree;  lowar, 
diaittoUc. 


Exercises  of  Endurance. — The  point  at  which  an  exercise  of  speed 
becomes  converted  into  an  exercise  of  endurance  is  more  or  less  relative 
and  depends  chiefly  upon  the  condition  and  the  training  of  the  individual. 
The  most  typical  exercises  of  endurance,  the  forced  march,  the  long-dis- 
tance runs  (Marathon  races),  and  long-distance  bicycle  races,  have  been 
carefully  studied  by  Zuntz  and  Schumburg,  Blake  and  Larrabee,  Dietlen 
and  Moritz,  and  R,  T,  Abercrombie.  In  these  exercises  the  least  changes 
occur  in  the  best-trained  individuals  in  whom  the  amount  of  effort  put 
forth  is  least  or  least  prolonged. 

The  pulse-rate  of  the  men  who  finiahed  to  the  Marathon  races  at  Boston  showctl  sur- 
prisingly little  increase,  the  greatest  rise  during  the  race  of  1900  lieing  from  76  before  to 
141  after;  but  the  average  rate  after  the  race  was  103  (Blake  and  Larrabee).  There  was 
frequently  a  mocierate  grade  of  irregularity.  Zuntz  and  Schumburg  found  similar  effects. 
The  blood-pressure  after  the  race  was  usually  found  to  be  a  trifle  lower  than  before  the 
start,  though  it  varied  greatly  in  different  individuals.  J.  Burach  has  recently-  obtained 
similar  results  with  the  Eriangcr  apparatus  upon  another  set  of  trained  Marathon  racers; 
although  the  orthodiagraph  showetl  dilatation  of  the  heart  in  all.  Quite  different  are 
the  re.sulLs  in  long-disiance  races  run  by  amateurs.  Dr.  R.  T.  Abercrombie  has  recently 
made  a  careful  study  of  the  condition  of  contestants  in  a  Iwenty-rnile  road  race  l»efore 
and  immediately  after  the  race.  Before  the  race  the  average  bioo«l-presfiures  with  the 
Erianger  appamtus  were:  maximal  120- 130,  minimal  75-80;  pulse-rate  W.  Immediately 
after  tlie  race  the  pulse  was  in  ulniOKt  every  instance  too  feeble  to  he  counted,  as  were 
also  the  heart  sounds;  and  neither  these  nor  the  blood-pressure  could  he  satisfactorily 
estimated  imtil  one-half  hour  after  the  finish,  when  the  pulse-rate  was  lujually  about  120 
]X!r  minute,  the  maximal  pressure  about  75-100  nun.  Hg.     The  heart  sounds  were  slilf 
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rapid  and  feeble.    Nevertheless  ali  of  these  men  felt  quite  well,  and  were  able  to  enjoy 
cold  plunge  immediately  after  the  examination.     Within  an  hour  after  the  finish  they 
were  all  feeling  quite  active.    The  blood-pressure  was  usually  found  to  be  lower  than  be- 
fore the  start,  but  this  varied  greatly  in  individual  caaes.' 

Not  all  the  restilta  of  endurance  testa  arc  as  mild  as  these.  During  the  amateur 
athletic  contests  in  the  United  Statt«  the  pH5t  five  years  there  have  been  several  cases  of 
permanent  heart  failure  following  directly  upon  overstrain  in 
long-distancp  runs.  A»  in  Da  Costa's  series,  the  persons  whose  hearta  were  injured 
were  usually  boys  under  twenty  who  were  poorly  trained  and  whose  bearii  were  not  fitted 
for  the  strain  put  upon  them. 

As  regards  the  metabolism  during  surh  exercise,  Zuntz  and  Schumburg,  and  also  A^ 
Loewy  and  L.  Zuntz,  found  that  both  the  amount  of  COi  given  off  per  minute  and  the 
respiratory  quotient  were  markedly  lessened  (COi  falling  from  802.3  c.c.  to  743.0  c.c.  per 
minute;  respirator)'  quotient  falling  from  0.855  to  0.780)  at  the  end  of  the  exertion,  though 
the  Oj  used  was  tmchanged.  This  is  due  to  formation  of  intermediate  oxidation  prod- 
ucts, sarcolactic  acid,  j9-oxybutyric  acid,  etc.,  the  pressure  of  whose  salts  may  add  to 
the  fatigue.  RyfTel  (Heart,  1913-1014,  v.  45)  has  found  that  this  acidosis  results  in  a  con- 
tinued low  CX>>  content  of  the  alveolar  air  and  is  the  cause  of  the  continuance  of  dyspncea 
for  some  time  after  the  exercise  ceases. 


Corresponding  to  the  variations  in  rapidity  of  blood  flow,  the  urine 
is  increaeed  in  aniount  during  mild  exorcise,  decreased  during  severe  exer* 
cise.    After  boat  races  and   after  the   Marathon  races  it  often  contains 

albumin,  casts,  and  even  traces  of 
blood,  probably  as  a  result  of  stasis 
or  high  pressure  in  the  renal  veins 
and  capillaries. 

Exei-cise  of  Strain. — The  effect  of 
exercises  of  strain,  lifting,  etc.,  is  totally 
difTerent.  McCurdy,  Bruck,  and  others 
have  shown  that  these  exercises  cause 
a  far  greater  rise  of  blood-pressure  than 
do  the  exercises  of  speed;  ami,  on  the 
other  hand,  the  pulse-rate  does  not  rise 
rapidly  hut  is  at  first  either  slowed  or 
unchanged.  The  rise  in  blood-pressure 
is  greater  in  arteriosclerotics,  old  per- 
sons, and  weak  individuals  for  the 
same  amount  of  work  than  in  well- 
tleveloped  normal  individuals.  In  per- 
sons already  suffering  from  broken 
compensation,  on  the  other  hand,  the 
heart  absolutely  fails  to  respond  with 
increased  effort,  and  may  be  so  greatly 
weakened  by  the  strain  that  the  blood- 
pressure  may  fall. 
All  the  factors  which  are  called  into  play  by  the  hormone  action  of  GO, 
in  exercises  of  speed  and  of  endurance  are  also  acting  in  exercises  of  strain; 
but,  since  the  latter  are  usually  intermittent  or  of  short  duration,  their 
effects  are  at  first  overshadowed  by  others  which  are  more  intense. 

'  O.  iS.  Lowsley  (Am.  J.  Physiol.,  U111,  xxvii,  446)  has  found  that  the  more  severe 
the  exercise  the  longer  the  systolic  pressure  remains  subnormal  after  it  b  over. 


Fio.  116. — UiiMj  <jf  hl(KxJ-pre»»urp  during 
Vftlralvu's  experimeot  nncl  during  exercise. 
Norma]  individual.  (ScUffiiUblJc.  after  Unick.) 
ARTKRIOSCLBR,  curve  of  blood -pressure  in 
man  with  arterioaeiertMdi  performing  the  same 
exercise. 
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In  carrying  out  any  exercise  involving  muscu- 
lar strain  the  individual  involuntarily  closes  his 
glottis  and  executes  an  attempt  at  forced  expira- 
tion. The  result  of  this  is  a  tremendous  increase  in  intrathoracic  pressure, 
which  hinders  the  outflow  of  blood  from  the  right  ventricle  as  well  as  the 
inflow  into  the  right  auricle. 

The  result  of  these  two  fai'tors  is  dilatation  of  the  right  ventricle  and  stasia  in  the 
systemic  vein.-*,  which  Is  atill  further  shown  by  the  cyanosis  of  the  face  and  distention  of  the 
veins  that  accompany  all  such  exercises  even  in  trained  athletes.  The  venous  stasis  ia 
further  increased  by  the  sudden  squeezing  out  of  blood  from  the  large  masses  of  skeletal 
miw<;lea,  which  are  being  forcibly  contrac!ted  simultaneously,  as  well  as  from  the  vessels  of 
the  eplanchnic  area. 

The  high  preswure  within  the  lua^  stimulates  the  sensory  endings  of  the  vagus,  which 
in  turn  rcflexly  atiraulate  the  motor  nucleus  of  the  vagus  and  the  vasomotor  centre  in  the 
medulla  and  cause  both  slowing  of  the  pulse  and  rise  of  blood-pressure.  The  general  result 
is  the  same,  but  leas  marked  when  the  Valsalva  e.xpcriment  only  (forced  expiration  with 
glottis  closed)  is  carried  out,  and  depends  very  largely  upon  tliia  factor. 

SIZE   OF   HEART  AFTER   EXERCISE. 

Diminution  in  Size  in  Healthy  Hearts. — Examined  with  the  X-ray 
the  auricles  are  seen  to  dilate  greatly,  but  the  ventricles  do  not,  as  a  rule, 
show  any  dilatation  whatever.    This  again  is  a  question  of  tonus,  and  here 


Fig.  117. — S«ml-»chemaitio  drawing  nhuwmg  variatioDa  in  «xe  of  the  heart  of  a  long-di»tJuioe 
bicycle  rider,  aa  the  retiult  of  »  very  long  race;  rccon«tructe<J  from  the  orthodiagraphio  outline.  A.  Before 
the  race.  B.  Immediately  after  the  race,  showing  the  great  dimiaution  in  sixe  of  the  heart.  C.  Four 
weelcB  later.     (After  Morila  and  Dietlen,  MUnchen.med.  Wchnacttr..  lOOS,  Iv.) 

also  the  latter  factor  seems  to  determine  whether  dilatation  shall  set  in  or 
not.  All  exercises  wlipn  sufficiently  severe  lead  to  dilatation  of  hearts  whose 
myocardium  has  suffered  injury^  especially  during  the  course  of  infectious 
diseases  (da  Costa,  Zuntz  and  Schumburg,  de  la  Camp,  Moritz  and  Dietlen) 
or  during  the  first  few  weeks  following  them.  On  the  other  hand,  Schott  has 
claimed  to  have  seen  cardiac  dilatation  in  healthy  T^Testlers  and  bicycle  riders 
as  a  result  of  short  wrestling  bouts.  This  fact  has  been  disputed  by  a  number 
of  observers  who  have  carefully  controlled  the  more  or  less  subjective  find- 
ings of  percussion  by  outlining  the  heart  with  the  orthodiagraph. 

The  following  exercises  have  been  studied:  bicycle  riding,  by  Mendelsohn,  .^Vibu, 
Beyer,  Schieffer,  Dietlea  and  Moritz;  marching,  by  Zuntz  and  Sehumhurg,  Albu  and 
Caspari,  Balders,  Heiehelheim  and  Metzger;  football  playing,  by  F.  Piek  and  by  Sclig; 
aki  running,  by  Hensehen;  wrestling,  by  Lcvy-Dom,  Selig,  Mendl  and  Sehg;  swimnoing, 
by  Kienbock,  iSelig  and  Beck. 

The  results  of  these  observations  quite  uniformly  confirm  those  of 
de  la  Camp  in  sho\\ing  that  ejccrcise,  even  to  the  point  of  exhaustion  and 
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fainting,  does  not  bring  about  cardiac  ciilatation  in  otherwise  healthy  men. 
In  n]iOst  cases  the  X-ray  and  orthodiagraph  show  an  actual  diminution  in 
tlie  volume  of  the  heart '  (see  Fig.  J 17).  De  la  Camp  also  found  that  healthy 
dogs  could  run  upon  a  tread-mill  until  they  dropped  from  exhaustion  with- 
out causing  dilatation  of  the  heart;  whereas  the  hearts  of  dogs  which  had 
been  poisoned  with  phosphorus  and  which  were  in  a  state  of  mild  fatty 
degeneration  dilatetl  greatly  from  the  same  exercise. 

Dilatation  and  Myocardial  Injury. —  On  the  other  hand,  Homung, 
w^ho  has  watched  the  course  of  1100  cases  of  weak  heart  with  the  X-ray, 
states  that  in  such  fXTsons  acute  dilatations  (demonstrable  \snth  the  ortho- 
diagraph) are  very  common  as  the  result  of  nlight  overstrain.  It  may 
require  comparatively  little  strain  to  bring  this  about.  For  example,  he 
cites  the  case  of  a  woman  with  a  weak  heart  who  acquired  a  dilatation  by 
taking  a  short  cut  instead  of  a  gradual  ascent  while  climbing  a  hill  (Oertel's 
Terrainkur).  The  dilatation  lasted  for  several  days  and  gradually  passed 
off-  Pei'sons  whose  hearts  are  in  this  labile  equilibrium  are  liable  to  have 
repeated  attacks.  But  the  cardiac  condition  rarely  stands  still.  It  grad- 
ually becomes  either  better  or  worse^  according  to  the  treatment  and  the 
mode  of  life  of  the  patient. 

Thoracic  and  Abdominal  Constriction  as  a  Factor  in  Cardiac  Over- 
strain. —  \  high  diaphragm  due  to  tight  belts  or  corsets  is  one  of  the  most 
important  factors  which  predispose  to  cardiac  overstrain.  This  was  already 
shown  by  A.  R,  B.  Myers  in  1867.  Myers  observed  that  certain  cavalry 
regiments  in  the  Indian  Army  were  particularly  subject  to  cardiac  over- 
strain and  to  chronic  cardiac  disease,  even  more  so  than  the  infantry  regi- 
ments which  were  doing  more  arduous  work  under  the  same  conditions  of 
climate  and  diet.  He  noticed  that  the  uniforms  of  this  cavalry  regiment 
were  very  tightly  belted  and  had  tight  euiras.ses  compressing  the  chest. 
Upon  experimentation  he  found  that  the  men  in  this  regiment,  when  not 
wearing  their  uniforms,  were  quite  as  strong  as  those  of  other  regiments 
in  the  service.  He  also  found  that  the  same  men  were  able  to  withstand 
much  greater  exertion  in  the  same  uniforms  if  only  the  belts  were  worn 
looser.  This  has  been  shown  with  somewhat  greater  exactness  by  Th. 
Schott.  Schott  demonstrated  with  the  orthodiagraph  that  wrestlers  could 
withstand  much  greater  exertion  before  the  onset  of  acute  dilatation  or  of 
cardiac  sjinptoms  if  they  wore  no  belts  than  if  thoy  were  tightly  belted. 
This  is,  of  course,  not  surprising,  and  is  simply  another  way  of  demonstrat- 
ing the  everynJay  experience  of  most  healthy  women  tliat  they  can  do 
more  work  without  a  corset  or  with  a  loose  one  than  when  wearing  one 
that  is  tightly  laced. 

The  reason  for  this  is  twofold.  The  belt  interferes  with  the  respira- 
tory movements  of  the  abdomen  and  diaphragm,  and  hence  diminishes  the 
rhythmic  alternation  of  positive  antl  negative  pressures,  of  force-pump  and 
8uct ion-pump  action,  in  one  of  the  largest  of  the  vascular  re.servoirs,  thus 


'  The  syncope  {cerebral  aniemia)  under  these  condttions  is  probably  due  to  the  exactly 
opposite  condition,  d  i  ni  i  n  i  s  h  e  d  cardiac  f  i  I  I  i  n  jyj  and  hetice  diminished 
cardiac  output;  arterial  anapmia  due  to  rapid  pulse-rate  in  a  heart  whose  tonicity 
ia  increaaed.  {This  condition  is  fully  discussed  in  the  chapters  on  FaFOxysmal  Tachycardia 
and  Miscellaneous  Heart  Diseases.) 
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diminishing  the  rapidity  of  blood-flow.  Moreover  the  viscera  are  pushed 
back  and  the  diaphragm  is  pushed  upward  by  the  beh,  and  this  causes  the 
heart  to  assume  a  more  transverse  position,  in  which  kinking  of  the  great 
veins,  the  aorta,  and  the  pulmonary  artery  sets  in,  and  both  the  filling  and 
the  emptying  of  the  heart  are  impeded.  This  mechanism  is  readily  demon- 
strated upon  the  exposed  heart  of  the  living  animal.  A  comparatively 
slight  upward  or  downward  displacement  of  the  heart  from  its  natural  posi- 
tion may  cause  tremendous  fall  in  blood-pressure  and  interference  with 
the  work  of  the  heart. 

PHYSIOLOGICAL  FACTORS    BRINGING    ABOUT    DILATATION, 

The  diminution  in  the  size  of  the  heart  which  was  found  so  uniformly 
Ijy  the  above-mentioned  observers  seems  to  be  due,  in  part,  to  diminished 
filling  of  the  ventricles  when  the  heart  is  rapid,  but  chiefly  to  the  fact  that 
the  cardiac  tonicity  was  increased  by  the  strain.'  This  clinical  observa- 
tion has  its  analogue  in  experimentation  on  animals.  O.  Frank  has  shown 
that,  other  things  being  equal,  a  moderate  increase  in  intraventriculur 
pressure  acts  as  a  stimulus  and  causes  an  increase  in  the  force  of  the  next 
beat.     If  the  pressure  is  raised  further  it  reaches  an  optimum;  but  if  it 
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Fio.  118. —  Effect  of  »train  upon  the  dog'i  heart  whose  tonicity  is  rootI.  Volume  cune  i.V€)L.) 
and  btowI-i^resBure  cun'e  (B.P.)  nf  an  iinimal  whcws  hcnrt  u>  in  good  condition.  Dpi^rondine  thoracia 
aoria  ctliiinp«i(i  at  the  moment  indicated  by  tlte  arrow.  Momentary  tiilatation  followed  by  a  ditninutiua 
to  nixfl.  Tke  heart  becomes  umaller  than  beforo  the  clamping.  Tonicity  ia  increased  (T  -t-}.  Blood' 
prcHures  ma^iiiual  and  minimal  jtre  also  increa^etl. 

becomes  too  high  the  force  of  contraction  b?coraes  much  weaker  than  if 
there  were  no  load  at  all.  There  is  a  similar  effect  upon  cartliac  tonicity. 
Hirschfelder  has  shown  that  if  the  thoracic  aorta  of  the  dog  is  clamped  the 
ventricles  at  first  tlilatc  rapidly  and  the  systolic  output  diminishes.  If  the 
heart  ia  in  good  condition  the  systoles  soon  begin  to  increase,  the  excess 
of  blood  is  pumped  out  of  the  ventricular  cavities  in  systole,  and  on  the 
other  hand,  in  spite  of  the  high  pressure  in  the  veins,  less  blood  enters  the 
ventricles  than  before. 

*  It  18  possible  that  acapnia  (page  49)  may  pby  a  r^le  under  these  conditions. 
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The  amount  of  blood  which  enters  the  ventricles  depends  upon  two 
factors:  I.  As  Howell  and  Donaldson  have  shown  for  the  excised  heart, 
and  Roy  and  Adami  for  the  dog's  ht^art  in  situ,  it  is  more  or  less  propor- 
tional to  the  venous  or  intra-auricular  pressure.  2.  Roy  and  Adami, 
Hirs^'hf elder,  Cameron,  and  others  have  shown  that  it  is  also  dependent 
upon  the  cardiac  tonicity,  being  greater  when  tonicity  is  low  (dilatation) 
and  least  when  tonicity  is  high.  It  is  therefore  evident  that  a  heart  whose 
tonicity  is  high  will  withstand  a  comparatively  high  venous  pressure  with- 
out dilating,  whereas  when  the  tonicity  is  low  it  readily  overfills. 

Several  factors  contribute  toward  diminishing  the  strength  of  an  over- 
filled heart:  1.  With  the  increase  of  the  cubical  contents  and  the  internal 
surface  of  the  ventricles  the  mechanical  work  necessary  to  exert  a  normal 
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Fia.  119. — Viiluin*  (;ur\e  of  a  dog  wht»ie  cardiac  tonicity  is  low.  CItiuipiujj  tl>e  aorta  is  followed 
by  permiuient  dilatation  and  only  a  f<!ight  motnentsry  inrrease  in  blood-presHiire.  The  sy.itolip  output 
u  dimmjsked ,  owing  tu  inability  of  tlie  heart  to  forc«  tlie  uaual  quota  of  btood  acajoat  ths  increased 
reaUunee. 

pressure  is  increased  (Roy  and  Adami).  2.  In  the  dilated  heart  the  blood 
flow  through  the  coronary  arteries  and  hence  the  nutrition  of  the  cardiac 
walls  is  diminished  (Hyde).  Moreover  the  dilatation  of  the  ventricles  may 
or  may  not  be  permanent,  dependent  upon  the  tonus  of  the  heart  muscle 
(Hirschfelder,  Cameron).  If  the  latter  is  low  the  dilatation  remains  and 
increases,  whereas  if  it  is  high  the  increased  pressure  acts  as  a  stimulus. 
It  is  usually  a  high  venous  pressure  which  keeps  the  heart  dilated  and  a 
low  tonicity  which  permits  it  to  remain  so. 

Not  the  least  of  the  factors  which  lead  to  diminished  tone  and  dilatation 
is  the  acidosis  mentioned  on  page  200,  for,  as  Cameron  has  shown,  the  slightest 
trace  of  acid  can  bring  on  these  results.  The  observations  of  Zuntz  and  Schum- 
burg  and  of  Lewis,  Ryffel,  Wolf,  Cotton  and  Barcroft  show  that  acidosis 
results  from  such  overstrains  and  that  it  may  play  a  major  r6le  in  rendering 
a  heart  more  susceptible  to  all  the  mechanical  factors  that  overtax  it. 

EFFECT  OF  THE  STRAIN  UPON  THE  HEART. 

The  response  of  the  heart  to  a  muscular  exertion  which  just  fatigues 
may  be  of  three  grades:  L  The  heart  becomes  smaller  or  the  cardiac  out- 
lines are  unchanged — ^tonicity  high  (normal  hearts).  2.  There  is  a  transitory 
dilatation  (after  acute  infections  and  in  hearts  with  myocardial  or  some  other 
cardiac  disturbance}.  3.  The  overstrain  leads  to  permanent  injury  of  the 
heart,  often  with  permanent  arrhj^hmia  (chronic  cardiac  overstrain,  myo- 


cardial  changes).  Tht^e  three  conditions  find  their  analogues  in  the 
effects  of  clamping  the  thoracic  aorta  upon  the  volume  of  the  ven- 
tricles (Fig.  119). 

As  has  been  seen  in  the  cases  quoted  above,  the  repetition  of  the  strain 
is  quite  .'is  imptirtant  a  factor  in  heart  failure  as  is  the  overstrain  itself. 
Even  a  heart  with  extremely  low  tonicity  i\ill,  in  most  cases,  recover  and 
gradually  return  to  normal  volume  after  the  strain  has  been  removed,  but 
during  the  period  when  it  is  still  dilated  it  is  much  more  .susceptible  to  a 
further  overstrain.  On  the  other  hand,  after  a  sufficient  period  of  rest  it 
regains  its  former  volume  and  still  later  its  former  tonicity,  and  once  more 
reaches  its  original  strength.  That  this  is  probably  the  case  in  man  also  is 
shown  by  the  fact  that  Poynton  did  not  regard  an  occasional  overstrain 


Fig.  120, — Elfept  upon  the  volume  of  ilie  dog's  heart  produce*!  by  clamping  th*  dnHjending  th<v 
racic  aorta.  Ascent  of  cur%'e  -diminution  in  volume;  dojcent  — dilatation.  1.  normal  and  vigorous  heart; 
2,  slightly  wt!akened  heart  with  diminished  tonicity;  3,  very  weak  heart  with  much  dtminiahed  tonicity, 

as  of  any  special  significance  in  boys^  provided  it  were  followed  by  a  period 
of  sufficient  rest.  Such  overstrains,  however,  are  not  to  be  lightly  disregarded 
in  spit^  of  the  claims  of  Meylan  that  not  a  single  case  of  carttiae  disease 
occurred  among  the  Harvard  oarsmen  from  1852  to  1892,  though  albuminuria, 
hsematuria,  and  signs  of  overstrain  were  frequent  just  after  the  races.  More 
recent  studies  by  Bardt»en  (Jour.  Am.  Med.  Assoc.,  1913,  bci,  1657)  have 
not  proved  so  optimistic  and  have  established  so  much  proof  of  permanent 
injuriejs  that  the  University  of  Wisconsin  has  placed  a  ban  upon  intercollegiatt> 
boat  races. 

One  of  the  most  important  factors  in  determining  the  end  result  is  the 
period  of  rest  after  the  overstrain.  When  the  subject  rests  after  the  strain 
hie  heart  regains  its  strength  and  tonicity  and  usually  returns  to  normal. 
But  in  V.  Leyden'a  case  and  other  cases  of  permanent  heart    failure,    the 
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heart  was  stiil  dilated  at  the  time  of  renewed  strain.  This  condition  seems  to 
dotermine  the  border-hne  between  heart  failure  and  recovery. 

The  border-line  conditions  may  therefore  be  summarized  as  follows; 
Dilatation  of  the  heart  tluring  or  after  exercise  represents  a  pathological, 
though  not  a  very  infrequent,  condition  in  which  the  heart  has  overstepped 
its  limitB.  The  condition  usually  recedes  and  leaves  no  traces  unless  the 
heart  is  again  overstrained  while  still  in  a  tlilat^H.1  condition. 

As  regards  the  anatomical  changes  induced  by  the  condition  of  over- 
strain, Roy  and  Adami  have  shown  that,  when  the  dog's  heart  begins  to 
fail  after  clamping  the  aorta,  stasis  occurs  in  the  coronary  veins  and  the 
heart  muscle  becomes  cedematous.  This  oedema  is  Ci^peciaily  marked  in 
the  regions  which  are  richest  in  connective  tissue,  the  auricles  and  the 
auriculoventricular  valves.  They  Ijelieve  that  when  the  strain  Is  con- 
tinued the  oedema  is  replaced  by  infiltration,  the  infiltration  by  connective 
tissue,  and  that  fibrous  myocarditis  re.sults.  Indwd,  a  fibrous  myocarditis 
(carcUosclerosis)  is  a  common  autopsy  finding  in  cases  of  long-continued 
cardiac  overstrain  in  which  there  has  been  no  severe  infectious  disease  to 
account  for  the  lesi{»n.  On  the  other  hand,  Fleisher  and  Loeb  and  Pearce 
have  found  exactly  the  stages  mentioned  by  Roy  and  Adami  in  animals  in 
the  various  stages  of  adrenalin  myocarditis  (see  page  31 G). 


BROKEN  CARDIAC  COMPENSATIOX. 

As  long  as  the  heart  is  able  to  maintain  a  certain  velocity  of  blood 
flow  throughout  the  circulation,  the  latter  may  be  said  to  l>e  compensated; 
but  when  the  blood  stagnates  to  such  a  degi"ee  as  to  give  rise  to  the  signs 
and  symptoms  of  stasis,  compensation  may  be  said  to  be  broken. 

There  are  two  forms  of  broken  compensation.  When  the  blood  stag- 
nates in  the  systemic  veins  from  failure  of  the  right  siile  of  the  heart,  the 
condition  may  be  t^ermed  broken  systemic  compensation; 
when  stasis  occurs  in  the  lungs  because  the  left  side  of  the  heart  is  not 
acting  as  st  rongly  as  the  right,  broken  pulmonary  compensation 
results.  Each  of  these  two  forms  brings  with  it  a  characteristic  group  of 
symptoms:  The  broken  systemic  circulation  {usually  designated  simply  as 
"broken  compensation")  manifests  itself  in  the  signs  and  symptoms  which 
are  seen  in  tricuspid  insufficiency — breathlessneaa,  cyanosis,  oedema,  begin- 
ning in  the  feet  and  legs,  enlargement  of  the  liver,  and  systolic  pulsatioa 
of  the  liver  and  veins,  etc.  Broken  pulmonarj,^  compensation  is  accom- 
panied by  the  signs  and  symptoma  of  an  acute  severe  mitral  insufficiency — 
intense  respirator^'  disturbance,  dyspncea,  cough,  occasionally  pulmonary 
hemorrhage,  and  the  sputum  containing  the  characteristic  cells  of  passive 
congestion  (HerKfehlerzellen), 

Broken  Systemic  Compensation. — From  the  physiological  stand-point, 
the  cardinal  features  of  broken  .'Systemic  compensation  are  dilatation  and 
weakening  of  the  right  ventricle,  dilatation  and  paralysis  of  the  right 
auricle,  increase  in  CO,  and  decrea.se  in  (),  in  the  venous  blood,  functional 
insufficiency  of  the  tricuspid  valve,  rise  in  venous  pressure  (often  to  as 
high  as  20  mm.  Hg)  (Fig.  121,  III).  The  signs  are  cyanosis,  engorgement 
and  systolic  pulsation  of  the  veins,  enlargement  of  the  liver,  cedema  of  the 
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feet  and  legs,  and  sometimes  venous  stasia  in  the  medulla,  vasoconstriction, 
high  blood-prossure.  and  dyspncea  of  medullary  origiu. 

Broken  Pulmonary  Compensation. — The  chanictoristirs  of  broken  pul- 
monary compensation  are  dilatation  and  weakening  of  the  left  ventricle, 
dilatation  and  usually  paralysis  of  the  left  auricle,  rise  of  pressure  and 
stasis  in  the  pulmonary  veins,  engorgement  of  the  pulmonary  capillaries, 
and  "erection"  of  the  lung  tissue  (v.  Basch)  (Fig.  121,  IV).  Welch  has 
shown  that  when  the  stasis  is  very  intense,  pulmonary  cedenm  sets  in. 
V.  Basch  and  his  pupils  have  applied  this  idea  to  the  milder  pulmon- 
ary manifestations  and  have  shown  that  a  moderate  erection  of  the  lung 
tissue  brings  on  cardiac  dyspnoea  and  leads  to  bronchitis  and  cough.  His 
pupil,  Kauders,  has  shown  that  the  position  of  the  diaphragm  is  affected 
refiexly  by  the  amount  of  blood  in  the  lungs,  congestion  causing  the 
diaphragm  to  descend,  depletion  causing  it  to  ascend.  It  is  thus  usually 
lower  than  normal  in  mitral  lesions,  higher  in  pulmonary  and  tricuspid. 
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Fio.  121. —  Di«crun  thowjnc  changes  in  the  circulation.  I,  nornml;  II,  broken  pulmon&ry  com- 
pensation; HI,  broken  pyHtetnio  compenniition;  IV,  both  oompeoiMtioafl  fail;  stases  in  tua(B  an<l  veuu. 
AO,  preaaure  in  the  aorta,  PA.     (Compare  with  Fig.  26.) 


V.  Basch  also  believed  that  the  congestion  of  the  lungs  causes  the  elastic- 
ity of  the  lungH  to  diminish  and  to  become  so  rigid  as  actually  to  diminish 
the  respiratory  expansion,  but  the  experiments  of  D.  Gerhardt  have  thrown 
doubt  upon  this  phase  of  his  conclusions.  As  regards  the  changes  of  pres- 
sure and  the  distribution  of  the  blood,  however,  v.  Basch's  conclusions 
liRve  been  confirmed,  not  only  by  Gerhardt  in  Germany  but  by  W.  0. 
MacCallum  and  McClure  in  America. 

In  badly  weakened  hearts  both  forms  of  broken  compensation  may 
be  present,  sometimes  features  of  one,  sometimes  of  the  other,  predomi- 
nating. 

Functional  Valvular  Insufficiency  in  Broken  Compensation.— Although 
it  has  not  been  absolutely  proved,  it  seems  almost  certain  that  the  occur- 
rence of  broken  compensation  from  acute  dilatation  is  accompanied  by  a 
functional  insufficiency  of  the  tricuspid  or  the  mitral  orifice  which  may 
be  of  transitory  tliiration.  Indeed  this  functional  insufficiency  of  the  tri- 
cuspid valve  in  heart  failure  is  much  more  common  than  organic  lesion  of 


I 


208  DISEASES   OF  THE   HEART   AND   AORTA. 

the  valve,  and  in  long-standing  cases  is  accompanied  by  actual  stretch' 
ing  of  the  tricuspid  orifice  (T.  W.  King,  G.  A.  Gibson,  Mackenzie.  Keith). 

T,  W.  King,  in  1837,  demonstrated  that  such  fmiictional  insufficiencies 
occur  at  the  triscupid  valves,  and  even  that  they  were  dependent  upon  the 
tonicity  of  the  ventricular  fibres;  since  the  valves  which  had  been  in- 
suflBcient  a  few  hours  after  death  held  water  perfectly  after  rigor  mortis 
had  set  in  (quoted  in  full  on  page  498).  These  observations  have  been 
confirmed  and  extended  by  G.  A.  Gibson,  Framfoi.s-Franck,  Mackenzie, 
Friedreich,  Marey,  Hirschfelder,  Keith.  Hering  demonstrated  the  same 
phenomenon  for  the  mitral  valve  in  rabbits,  but  found  that  m  dogs  the 
mitral  valve  did  not  leak  even  after  clamping  the  aorta.  Stewart  and  the 
writer  have  been  able  to  demonatrate  the  occurrence  of  such  an  insuffi- 
ciency of  the  mitral  valve  when  the  aorta  was  clamj>ed,  in  tiogs  whose 
aortic  valves  had  been  rendered  insufficient.  In  man  Morton  Prince  and 
Broad  bent  have  noted  the  presence  of  transitor}'  mitral  systolic  murmurs 
(sometimes  transmitted  to  the  axilla)  in  men  who  were  being  subjected 
to  the  strain  of  civil  wrvice  examinations,  and  in  cases  with  similar  sign* 
Minkowski  has  obtained  tracings  from  the  cesophagus  which  have  the  form 
characteristic  of  mitral  insufficiency. 

In  the  earUer  stages  of  cardiac  overstrain  the  dilatation  of  the  auricles 
is  a  more  or  less  passive  phenomenon  which  exerts  little  influence  upon  the 
circulation,  but  in  the  more  severe  stages  it  may  play  a  leading  role. 

Auricular  Fibrillation  and  Arrhythmia  in  Cardiac  Overstrain. — Condi- 
tions which  affect  tonicity  and  filling  of  the  ventricles  have  a  still  greater 
effect  upon  the  tonicity  and  filling  of  the  auricles.  It  was  demonstrated  by 
Ludwig's  pupils,  Waller  (1878)  and  v.  Frey  and  Krehl  (1890),  that  when 
the  ventricles  began  to  fail,  the  auricles  soon  became  overloaded  with  blood 
and  oeaaed  to  contract  visibly  when  the  pressure  reached  15-20  mm.  Hg. 
As  a  rule  this  does  not  affect  the  cardiac  rhythm,  but  Hirschfelder  has  shown 
in  dogs  that  when  this  is  brought  about  by  narrowing  the  mitral  orifice,  a^ 
absolute  irregularity  (disorderly  rhythm)  may  set  in  without  any  coordinate 
contractions  carried  out  by  the  auricles. 

The  contractiona  of  the  auricles  under  these  circunwtjuioefl  do  not  give  rise  to  any 
(a)  WHvea  upon  the  venous  pulse,  which  is  of  the  ventricular  typ«;  a'jd  when  the  latter 
furiiinhed  the  eole  criterion  of  cardiac  actnaty  it  was  believed  that  these  chambers  were 
either  not  contracting  at  all  or  were  merely  originating  itnpubcs  without  active  contrac- 
tions, aa  Biedermann  had  shown  for  skeletal  miiacle.  Lewis  has  ehown  with  the  electro- 
cardiograph that  the  latter  ocrai<ionaUy  takes  place  (P  wave  present  upon  the  electrocardio- 
gram with  (a)  wave  absent  from  venous  pulse)  while  the  pulse  remains  regular,  but  when 
irregularity  8et^  in  there  are  either  extrasystolea  or  auricular  fibrillafion.  The  latter,  and 
especially  the  finer  type  of  auricular  fibrillations,  represent  the  more  severe  forma  of  cardiac 
failure. 

Arrfiythmia.— Whatever  may  Ijc  the  origin  of  the  arrhythmia  it  is  very  common  in 
severe  overstrains.  This  not  infre<iuenlty  ariseB  in  the  course  of  valvular  lesions  as  well,  as 
Mackenzie  has  proved.  The  case  cited  on  page  448  gives  an  example  of  such  an  irregularity 
arising  during  such  an  attack  and  subsiding  a  few  days  later  after  rest  and  digitalis.  Five 
days  later  the  rhythm  l>ecame  regular  and  the  auricles  wert^  contracting  once  more.  \Mien 
the  oversirairi  is  inore  prcitractjed  the  auricular  contraction  may  remain  absent  for  weeks 
and  even  niontlis,  and  most  frequently,  if  it  has  [>erHifited  for  a  coiwiderable  length  of  time, 
permanent  changes  set  in  in  the  musculature  of  the  sinus  region  (Keith,  Sthonberg),  and 
reguiarity  is  never  regained.  The  pulse  has  become  permanently  irreguLnr  (pulsus  irregu- 
laris perpetuus,  arrliythmia  ijeriietiia).     As   hue.   been  mxa  un    page  127,  the  arrhythmia 
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itself  bIowb  the  blcKHl  stream  and  the  di8eased  condition  of  the  einus  prevents  the  heart 
from  compensating  for  thia  by  a  greater  number  of  contractions.  The  velocity  of  the 
circylation  ia  thus  self-limited.  Only  a  certain  amount  of  CO,  per  minute  can  be  taken  care 
of  and  any  excess  brings  on  overstrain. 

Changes  in  Venous  Pressure. —  Changes  in  pressure  in  the  systemic 
veins,  which  show  how  well  the  right  ventricle  is  pumping,  often  afford 
an  excellent  index  of  the  break  in  systemic  compensation,  rising  from 
normal  pressure  of  5-10  cm.  HjO  to  a  height  of  20  or  25  cm.  It  usually 
rises  when  the  patient's  condition  becomes  worse  and  falls  as  improvement 
sets  in  (Hooker  and  Eyster). 

The  arterial  pressure,  on  the  other  hand,  is  affected  by  too  many 
factors  to  show  characteristic  changes.  It  may  be  kept  up  until  shortly 
before  death,  by  a.sphyxia  of  the  medullary  centres  and  resultant  vaso- 
constrictor and  augmentor  stimulation;  or,  on  the  other  hand,  when  this 
mechanism  is  not  brought  into  play,  the  arterial  pressure  may  be  low  and 
the  pulse  may  be  small  and  weak. 

CARDIAC   FAILURE    WITH    A    SMALL    HEART. 

There  is  another  form  of  failure  of  the  circulation  which  sometimes 
occurs  as  the  result  of  exertion,  even  in  trained  athletes.  This  form  is 
accompanied  by  pallor,  a  small  rapid  pulse,  and  sometimes  even  by  syncope. 
However,  as  Dietlen  and  Moritz  have  shown,  it  is  not  accompanied  by  a 
dilatation  of  the  heart,  but,  on  the  contrary,  the  latter  is  smaller  than 
normally.  It  is  a  failure  of  the  rest  of  the  circulation  rather  than  of  the 
heart. 

It  must  be  admitted  that  this  condition  has  not  attracted  much  attention,  and  but 
little  can  be  said  of  the  mechanisms  involved.  The  pallor,  Bmall  pulse,  and  small  heart, 
however,  are  featurea  which  are  also  common  to  the  condition  of  shock  an<i  the  cardiac 
neuroM?8.  In  these  conditions,  the  important  mechanical  factora  are  the  accumulation  of 
blood  in  the  dilated  abdominal  veins,  giving  rise  to  a  low  Viinous  pressure,  the  diminished 
filling  of  the  heart,  and  consequently  the  diminished  output  into  the  aorta.  The  symp- 
toms are  symptoms  of  "arterial  anaemia." 

The  causal  factor  in  bringing  about  this  condition  may  be  dilatation  of  the  veins. 
In  the  case  of  exercise  this  veno-  and  vasodilatation  may  result  either  reflexly  from  dis- 
turber! digestion,  or,  perhaps,  as  Henderson  suggests  for  somewhat  similar  conditions,  it  may 
set  in  when  the  rapidity  of  breathing  exceeds  that  necessary  to  aerate  the  bloml,  even  to 
meet  the  increaae<i  neetla  of  the  body.  Under  these  conditions  COj  leaves  the  lungs,  and 
hence  also  the  blood,  a  httle  too  rapidly,  acapnia  result^*,  and,  os  its  (irst  e(TtH:t.  allows  the 
veins  to  dilate  (see  page  49).  The  blood  thus  stagnates  in  the  veins.  As  a  matter  of  fact, 
Kraus,  Zuntz  and  Schumburg,  and  also  A,  Loewy  have  shown  that  at  this  sta^e  of  exercise 
less  COj,  is  given  off  from  the  lungs  than  before,  and  the  respiratory  quotient  CO,  is  lessened. 
They  l»elieve  that  oxidation  is  less  at  this  stage  and  hence  less  CO,  is  present  in  the  blood. 
In  other  wor<la,  from  a  totally  different  stand-point,  and  years  before  Henderson's  experi- 
ment, it  was  rendered  probable  that  a  state  of  acapnia  is  present  at  the  stage  of  fatigue 
in  exercises  of  endurance,  and  therefore  that  the  mechanism  which  he  observed  to  be  active 
in  acapnia  is  largely  restionstble  for  this  form  of  circulatory  failure. 

FUNCTIONAL   TESTS   OF  CARDIAC   EFFICIENCY. 

It  is  evident  from  the  facts  discussed  above  that  the  most  important 
question  in  the  functional  study  of  heart  failure  is  to  determine  accurately  the 
border-Une  between  fatigue  and  overstrain,  to  distinguish  betw^een  the  nor- 
mal and  the  pathological.     Various  testa  have  been  devised  for  this  purpose. 
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1.  Postural  Change  in  Pulse-rate.^ — The  rise  in  the  pfulse-rate  which  oc- 
curs when  the  patient  stands  after  lying  dowTi  is  of  Bome  importance.  Under 
nomuil  conditions  the  acceleration  is  not  more  than  twenty  beat«  per  minute,  the  avera^ 
acceleration  for  normal  individuals  being  seven.  However,  this  depends  upon  many 
factors,  one  of  which  is  the  length  of  time  <lurtng  which  the  patient  has  lain  down,  hia  state 
of  mental  excitenient  or  quiet,  etc.  The  peychic  element  pluye  a  particularly  important 
rdle  in  this  tent. 

2.  Contraction  of  Antagonistic  Muscles.  —  Herz  has  introduced  another  procedure, 
the  flel  f-c  het!  ki  ng  or  sel  f  -  a  n  t  ag  oni  z  i  ng  test  (Selbsthemmiingsprolx?).  He 
counts  the  pulse  over  a  period  long  enough  to  assure  a  reasonably  constant  rate  per  minute. 
The  patient  is  then  made  to  eit  down  and  very  slowly  flex  and  extend  the  right  foreann, 
putting,  all  the  while,  his  full  attention  upon  the  movement,  hut  contracting  simultaneously 
the  flexor  and  extensor  muacles  of  the  arm,  and  attempting  to  antagonize  hi«  own  move- 
ment with  nH  much  force  as  possible.  This  convert*!  the  exerciHC  into  a  mild  exercise  of 
strain.  Herz  states  that  in  normal  individualg  this  causes  no  change  in  pulse-rate, 
while  in  those  with  feeble  hearts  the  pidse-rate  is  slowed  5-20  beats  per  minute.  (Per- 
haps this  i«  due  to  the  more  vigorous  expirator>'  effort  which  accompanies  thin  procedure 
in  persons  with  diseased  hearta.)  Cabot  and  Bruce  have  repeated  Herz's  observations, 
and  find  that  they  are  correct  in  at  least  a  certain  number  of  ca-ses,  hut  they  are  unwilling 
to  flubscribe  to  his  general  rule.  The  writer  al»o  haw  found  a  taunl>cr  of  i)erfectly  strong 
and  healthy  individuals  who  give  Herz's  pathological  reaction. 

3.  Rise  of  Blood-pressure  on  Constricting  the  Femoral  Arteries.  —  Marey  (1881) 
demonstrated  that  in  noniial  itidividuals  the  blood- pressure  roRe  when  both 
femoral  and  Imth  brachial  arteries  were  compressed.  Katzenstein  found  that  on  com- 
pressing both  femoral  arteries  alone j  in 

Blood-preaiiure  Put»e-rate 

Normal  indiwlinds. Rose    5-15  mm Fell. 

Compj'nsatetl  cardiac  lesiona. Rose  15—40  mm Unchanged  or  fell. 

Slight  cardiac  insulhciency Unchanged llncluujged  or  roae. 

Very  weak  hearts Fell Fell. 

Hokp  and  Mcndc  and  others  have  repeated  Katzenstein'a  observations,  and  find  that, 
though  theae  results  hold  true  in  general,  the  method  i»  unrehablc  as  a  teat  and  in  bad 
cases  is  too  dangerous  for  u«;V. 

4.  Rise  of  Blood-Pressure  upon  Exercise.— Masing,  Graupner,  Baiu-  and  Gr&upner 
Cabot  and  Bruw  have  called  attention  to  the  fact  that  rise  of  blood-pressiire  occurs  during 
exercise.  Baur  fomvd  that  riding  a  atatioimrj'  bicycie  with  a  brake  traused  a  rise  of  5  to  10 
mm.  Hg  in  normal  individuals,  but  a  fall  of  5  to  20  nun.  lig  in  weak  hearts. 

5.  Duration  of  Change  of  Pulse-Rate,  Blood -Pressure  and  Symptoms  after  Exercise. — 
The  animal  ex|>eriments  of  Hirschfelder  and  Cameron  cited  on  page  204  show  that  dilata- 
tion and  change  of  blood -pressure  may  occtir  temporarily  under  the  influence  even  of  a 
strain  that  acta  almost  at  once  as  a  stimulus.  In  strong  hearts  they  are  only  transitory', 
in  weak  hearts  they  are  of  long  duration.  In  harmony  with  these  findings  O.  S.  Lowsley 
(Am,  J,  Physiol,,  1911,  xxvij^  44tJ)  has  studied  the  duration  of  after  effects  of  exercise. 
He  found  that  after  severe  exercise  the  blood -preaeim?  fell  and  renuunwl  low  not  more  than  an 
hour  and  a  half  in  normal  jjergons.  In  persona  whosse  hearts  were  weaker,  however,  the 
fall  of  blood-pressure  lasted  longer;  and  the  duration  of  the  low  pressure  was  a  better 
mdex  of  the  cartliac  weakness  than  was  the  intensity  of  the  fall  of  pressure. 

Too  much  emphasis  cannot  Iw  laid  upon  tliis  element  of  duration  of  the  effect  of  ex- 
ertion; whether  it  bo  measured  by  change  of  blood -pressure,  change  of  pulse-rate,  short-' 
ness  of  breath,  rapidity  of  breathing,  duration  of  weakness,  nervousness,  insomnia  or  any 
other  symptoms  or  sign.  However,  J.  Parkinson  (Heart,  1917,  vi,  317j  has  found  that  in 
patients  suJTering  from  "soldier's  heart"  the  quickening  of  the  pulse-rate  after  mild  exercise 
subsides  as  rapidly  as  it  does  in  normal  individuals,  but  in  spite  of  thi.s  the  brcathlessness 
persists  much  longer  in  the  patients  with  soldier's  heart  than  in  the  normal  individuals. 

For  practical  purposes,  the  panting  and  feehng  of  weakness  following  any  ordinary 
exercise  rarely  outlasts  the  exertion  by  more  than  fifteen  minutes'  rest;  and  when  these 
symptoms  outlast  it  more  than  half  an  hour  it  is  safe  to  state  that  either  the  heart  is  too 
weak  or  t!ie  e.vertion  too  violent  for  that  individual,  which  is  only  another  way  to  para- 
phrase the  same  thing. 

Equally  important  with  the  making  of  the  functional  test  is  the  caution  to  make  it 
only  when  the  patient's  mind  ia  distracted  from  the  exercise,  for  otherwise  the  psychic  ele- 
ment is  too  strong. 
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Thus,  the  writer  recalls  a  worimu  with  supposed  influenzal  myocarditis  who  was  pros* 
trated  by  a  simple  arm  exercise  which  she  afterwards  performed  with  ease,  only  a  few  min- 
uted later,  when  her  mind  was  distracted.  Efforts  siiould  always  be  made  to  distract  the 
patient's  mind  wliile  perfomiing  any  of  these  very  vital  testa  of  heart  function. 

That  a  close  relationship  exists  between  the  increase  in  blood-pressure 
and  the  increase  in  tonicity  (stimulation  of  augmentor  fibresi),  which  results 
from  strain  put  upon  the  heart,  may  be  seen  from  the  cur\'es  of  Hirsch- 
felder  and  Cameron  in  the  doR'.s  heart  (quoted  on  page  203,  and  shown  in 
Figs.  118  and  119).  It  is  probable  that,  in  most  cases,  rise  of  pressure  cor- 
respontls  to  increiused  systolic  output  and  concomitant  increase  in  tonicity. 
It  must  be  realized,  however,  that  in  some  cases  the  rise  may  be  secondary 
to  stimulation  of  the  vasoconstrictor  centre  from  medullary  stasia  or  asphyxia, 
and  then  may  represent  an  unfavorable  condition. 

Several  objections  may  be  made  to  the  value  of  this  test: 

1.  G.  A.  Gordon  in  G,  A.  Gibson's  clinic  and  also  Professor  Dawson,  in  collaboration 
with  Professor  Ejiter  and  also  with  Mr.  Hetfield,  have  shown  that  the  blood-pressure 
in  trained  athletes  falls  during  miltl  exercise  exactly  as  it  does  in  broken 
c  o  m  p  e  n  8  o  t  i  o  n  ;  also  that  it  falls  when  the  "second  wind"  is  acquired  and  while  the 
person's  functional  power  is  increasing  rather  than  decreasing. 

2.  As  already  shown  by  Mjising,  the  greatt^i  risesof  blood- pressure  occur  in 
old  and  f  wljle  peraoof,  whom  the  exercise  brings  near  to  the  border-line  of  cardiac  overstrain. 

3.  In  persons  in  whom  the  fall  in  hlou^l-pressure  occurs  liS  a  result  of  the  lest  exercise, 
the  genera!  symptom*,  respiratorj'  distress,  cyunosis,  etc.,  to  say  nothing  of  the  decrease 
in  the  size  of  the  pulse,  tachycardia  ixml  arrhythmia  resulting,  are  more  than  suflicient 
evidence  that  the  patient's  strength  has  been  overtaxed. 

4.  These  simpler  clinical  manifestations  are  more  delicate  indices  and  are  less  ambig> 
uous  signs  than  are  the  changes  in  bhwHl-pressure. 

The  recent  studies  of  Schott,  de  la  ('amp,  v.  Criegem,  llomung,  Moritz  and  his  pupils, 
taken  in  conjunction  with  the  physiological  experiments  of 
Frank,  II  i  r  a  c  h  f  e  I  d  e  r  ,  a  n  d  Cameron,  indicate  that  t  h  e  o  n  1  y  true 
numerical  criterion  of  cardiac  efficiency  is  whether  a  given 
strain  causes  it  to  diminish  in  size  (increase  in  tonicity=8timu- 
lation)  or  to  dilate   tdc crease  in  to nicity=o vers  train). 

Functional  .^tmlies  upon  the  border-land  between  functional  .«;ufficiency 
and  cardiac  failun-  are  of  the  most  fundamental  importance,  and  all  the  fact.s 
added  to  our  knowledge  of  the  subject  are  of  the  greatest  value  in  adding  to 
our  understanding  of  the  j^ubjert. 

Observation  versus  Estimation. — However,  it  must  be  admitted  that, 
in  order  to  be  <lo('isive,  all  the.se  tests  usually  have  to  be  pushed  to  a  point  at 
which  the  appearance,  sensations,  and  signs  of  the  patient  are  in  themselves 
perfectly  characteristic  of  cardiac  insufficiency,  and  at  which,  for  diagnostic 
purposes,  a  little  coinnion-sense  observation  is  at  lej^st  as  unambiguous  as 
«l)servation  with  elaborate  apparatus.  This  does  not  mean  that  exerci.se  tests 
are  unim|>ortant.  On  the  contraiy,  they  are  of  the  greate^st  value;  and  no 
change  in  the  patient's  mode  of  living  during  convalescence  or  during  after-life 
should  l>e  undertaken  without  them.  But  their  importance  depends  more 
upon  the  care  with  which  the  physician  watches  the  general  appearance  and 
condition  of  the  patient,  the  rapidity  with  which  he  recovers  from  the  exer- 
cise,^ his  general  condition,  and  whether  nervousness,  irritability,  cough,  or 


'  Lowslcy's  criterion  (the  return  of  the  systolic  pressure  to  normal)  should  be  taken 
into  account. 
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insomnia  has  set  in  during  the  twenty-four  hours  following  it,  than  in  the 
numerical  changes  which  occur  at  the  moment  of  exercise.  The  symptoms 
to  be  looked  for  as  evidence  of  overwork  are  discussed  in  more  detail  in  the 
instructions  for  giving  Schott  exercises  (page  280).  These  are  subtler  mani- 
festations resulting  from  smaller  changes  than  may  be  detected  by  even  the 
most  refined  observ^ations  by  mechanical  methods,  and  which  are  less  easily 
masked  by  ambiguities.  Moreover^  it  must  be  realized  that  any  one  form  of 
exercise  furnishes  data  which  may  depend  as  much  upon  the  condition 
of  the  skeletiil  muscles  aa  upon  the  heart.  The  blacksmith  wth  a 
diseased  heart  may  be  able  to  do  more  work  than  the  book-keeper 
with  neurasthenia^  and  yet  under  the  conditions  in  which  he  lives,  even 
if  not  under  the  strength  test  arranged  for  the  average  man,  the  black- 
smith's heart  may  be  failing. 

Relation  of  Functional  Test  to  Mode  of  Life. — In  chagnosis,  prognosis^  and 
therapy,  the  testing  of  functional  msufficiency  is  a  matter  of  sociology  as  well 
as  physiology.  The  important  question  is  not  what  the  patient 
can  do  in  a  gymnasium,  but  what  he  can  do  and  what  he 
can  not  do  in  every-daylife.  Each  man  must  be  fit  for  his  own 
mode  of  life  or  muat  be  made  to  change  it.  His  cardiac  power  must  be 
studied  with  reference  to  that  mode  of  life  rather  than  with  reference  to  & 
rigid  scheme. 

Probably  the  mo.st  thorough  system  of  routine  functional  testing  ever 
instituted  was  that  resorted  to  by  J.  M.  da  Costa  during  the  Cii-il  War  before 
he  permitted  hLs  convalescents  from  cardiac  overstrain  to  return  to  active 
duty  with  their  regiments.  He  subjected  them  first  to  light  camp  duties, 
then  to  guard  duty,  then  to  provost  duty,  and  later  made  them  run  frequent 
races  comparable  to  changes  upon  a  battlefield — each  test  commensurate 
with  the  mode  of  life  which  the  patient  waa  about  to  live.  Step  by  step  he 
ascertained  the  endurance  of  his  patients  without  overstraining  them,  and 
thus  obtained  a  series  of  permanent  cures  which  stands  as  a  worthy  monu» 
ment  to  one  of  the  most  careful  and  brilliant  of  American  clinicians. 
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IIL 
SYMPTOMS  OF  CARDIAC   DISEASE. 

The  sjinptoms  for  which  a  patient  suffering  from  cardiac  disturbance 
presents  hiniself  to  the  physician  are  variable,  and  frequently  seem  so  far 
removed  from  the  site  of  diseikse  as  to  mask  their  re^l  origin  and  even  to  lead 
t^  mistakes  in  diagnosis.  Accordingly,  it  is  important  to  consider  the 
^symptom8  early  and  the  conditions  gii^'ing  rise  to  them,  rememljering  that 
in  general  they  are  due  to  (1)  slowing  of  the  circulation  and  local  anaemia 
or  accumulation  of  (  O?;  (2)  overfilling  of  the  veins  with  blood;  (3)  disturb- 
ances in  the  nen^'ous  sys^tem,  of  circulatory  origin. 

The  following  are  the  main  symptoms  associated  with  cardiac  diseases: 
(1)  shortness  of  breath;  (2)  cough;  (3)  swelling  of  the  feet  and  legs; 
(4)  urinary  disturUmces;  (5)  palpitation  of  the  heart,  precordial  pain, 
pain  down  the  arms;  (6)  digestive  disturbances,  indigestion,  vomiting, 
abdominal  pain,  jaundice;  (7)  general  nervousness,  occasionally  traiisitory 
delusions  and  hallucinations,  sometimes  fainting  spells. 

All  these  sympUims  are  hable  to  be  increased  after  exercise, 
excitement  or  w  o  r  r  y,  on  account  of  the  increased  heart-rate  and 
often  increased  blood-pressure  that  accompany  them,  and  the  conse- 
quent increase  in  the  work  of  the  heart.  They  are  also  much  increased 
by  damp  and  sultry  weather  when  there  is  little  air  stirring.  The  patient's 
color  is  then  usually  pale,  showmg  a  vasoconstriction  to  which  some  of  the 
embarrassment  is  probably  ascribable.  The  aymptoms  usually  improve 
when  the  weather  Ixjcomes  clear.  To  avoid  hurry  and  worry- 
is  the  cardinal  principle  in  the  trejitment  of  the  patient  with 
a  weakened  heart,  and  no  sacrifice  is  too  great  in  rearranging  his  life  in  such 
a  way  that  this  enti  may  be  attained. 

Much  that  cannot  be  done  by  the  cardiac  patient  at  the  usual  speed 
Tvithout  precipitating  an  attack  of  heart  failure  can  be  carried  out  by  him, 
without  any  ill  effectj  at  a  slower  rate.  It  is  often  not  the  amount  of  effort 
but  the  amount  of  effort  per  minute  that  counts.  A  patient  can  oft^n  be  im- 
prcseed  by  this  fact  so  that  by  devoting  a  fraction  of  a  minute  more  to  cross- 
ing a  room  or  ascending  a  flight  of  stairs,  he  may  stive  his  circulation  from 
a  flood  of  carbonic  acid  and  he  may  save  himself  many  hours  of  fatigue,  dys- 
pnoea and  palpitation. 

Even  the  amount  of  ner^'^ous  energy  spent  in  a  rapid  jerky  manner  of 
speech  is  by  no  means  mconsiderable. 

Patients  with  cardiac  failure,  and  especially  those  with  angina  pectoris, 
can  save  thenii<elves  much  of  that  wast-e  of  energy  which  excitement  brings 
in  the  form  of  high  blood -pi-essu re  and  heart,  failure,  by  merely  adopting  a 
slower  enunciation.  For  slow  enunciation  is  the  expression  of  deliberation 
and  calDmet>>  and  unconsciously  biings  these  in  its  wake,  while  rapid  speech 
is  one  of  the  attributes  of  those  wlio  waste  energy  in  every  motion  and  emo- 
tion ;  anil  since  such  persons  often  fall  prey  to  cardiac  weakness,  arterio- 
sclerosis and  angina  pectoris,  conservatitm  of  energy  becomes  a  matter  of  im- 
portance,    loud  and  rapid  speech  nourishes  excitement;  slow,  deliberate 
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enunciation  is  the  expression  of  deliberation  and  calmness,  and  often  tmeon- 
8ciousl\'  brings  these  in  its  wake.  Few  people  can  carry  on  sustained  passion 
or  vitupi'nttion  in  a  slow  drawl;  and  merely  cultivating  a  slow  speech  may 
assist  greatly  in  lessening  the  waste  of  energy.  These  are  savings  which  ex- 
press themselves  in  lower  pulse-rate,  lower  bloo<l-pressure,  and  lessened  heart 
strain,  and  are  well  worth  the  effort. 

IIESPIRATORY  DISTURBANCES. 
DYSPNCEA. 

Shortness  of  breath  is  usually  the  earliest  and  most  common  sign  of 
cardiac  failure  and  especially  of  failure  of  the  left  ventricle  {broken  com- 
pensation). The  foundation  for  this  doctrine  was  laid  by  the  classical 
experiments  of  Welch  under  (  ohnheim's  direction.  Welch  demonstrated 
that  in  conditions  in  which  the  force  of  the  left  ventricle  was  inpaired 
without  impairment  of  the  rij?ht,  cedema  and  congestion  of  the  lungs  set  in. 

V.  Basch  and  his  pupils,  Grossman,  Bettelheim,  and  Kauders,  have 
shown^in  a  very  careful  series  of  investigations  upon  animals — that 
dyspnoea  and  the  other  respiratory  disturbances  of  heart 
failure  are  due  chiefly  to  stasis  in  the  pulmonary  capil- 
laries and  veins,  and  are  associated  with  rise  of  pressure  in  the  left 
auricle.  Under  these  circumstjinces  the  elasticity  of  the  lungs  is  probably 
diminished  and  the  volume  of  lung  ti.ssue  increiust's.  The  respiratory 
excursiun  decrejuses.  These  conditions  tlissippettr  when  the  output  of  the 
left  ventricle  (and  hence  the  suction-pump  action  of  that  chamber)  in- 
creases sufficiently  to  pump  out  the  excess  of  blood  from  the  lungs  and 
remove  the  stiisis.  Accordingly,  as  is  the  common  clinical  experience, 
severe  dyspna-a  is  an  early  sign  of  mitral  lesions,  which  readily  comes 
and  goes  with  slight  overstrains;  while  in  aortic  disease  it  is  a  sign  of  a  severe 
break  in  comp<nisation,  and  oft/cn,  indeed,  of  a  secondary  mitral  insufficiency. 

This  group  of  s  y  m  p  t  o  m  s — c  (j  u  g  h  ,  dyspnoea,  car- 
diac a  s  t  h  iTi  a  ,  p  u  1  m  o  n  a  r  y  h  e  m  o  r  r  h  a  g  e — c  onstitute 
a  group  of  symptoms  characteristic  of  stasis  in  the 
pulmonary  veins  (broken  pulmonary  compensation), 
just  aa  cyanosis,  enlargement  of  the  liver,  and  aa- 
eending  oedema  are  characteristic  of  failure  of  the 
right  heart.  In  Wilkinson  King's  "safety-valve  action  of  the  right 
ventricle/'  failure  of  the  latter  substitutes  a  state  of  broken  systemic  com- 
pensation for  one  of  broken  pulmonary  compeasiition, 

Rubow  has  shown  by  spirometric  investigations  that  in  cardiac  dys- 
pnoea there  is  a  tendency  for  the  lungs  t-o  assume  the  greatest  possible  vol- 
ume (diaphragm  descends  lower  and  lower)  just  as  is  the  case  in  emphysema. 

According  to  Kraua  the  aiuoiint  of  O,  taken  up  liy  the  MtKxi  and  of  COj  given  off  per 
minute  ifl  pructically  imchanged  in  tuirdiac  faiJdire.  The  conditions  are  therefore  pmctically 
analogous  lo  Zunti  and  Schumburg's  exijeriineut,  iu  wliich  increasing  the  COj  in  tlie  inspired 
air  rauseii  r>olypncEa  and  catised  the  total  amount  of  air  taken  into  the  lungs  i>er  minute 
to  rise  tremendously  without  altering  the  amount  of  oxygen  taken  up  by  the  blood.  It 
is  proljable  that  stasis  in  the  pulmonary  capillaries  stimulates  the  vagus  endings  in  the 
same  way  as  does  CX)i. 

Ofthopnoea. — One  of  the  most  striking  features  of  cardiac  dyspnoea  is 
the  fact  that  it  is  increased  in  the  reclining  posture  and  relieved  by  sitting 
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up  (o  r  t  h  o  p  n  0  e  a),  although  this  position  favors  the  accumulation  of 
■  cedema  in  the  legs,  and,  as  Erianger  and  Hooker  have  shown,  impedes  the 
ftotal  velocity  of  the  circulation.    For  thiy  fact  there  may  be  several  cxpla^ 

nations,  or,  more  accurately,  there  may  be  several  factors  involved; 

1.  Ab  Rutew  has  shown,  when  the  patient  Ls  propped  up,  hm  liver  and  diaphragm 
end,  and  there  is  thus  more  air  space  available  in  the  thoracic  cavity, 

2.  Since  the  head  up  and  feet  down  position  tends  to  impede  the  return  of  venous 
blood  from  the  lower  extremities,  tnmk,  and  abdomen,  it  thus  tends  to  equalize  the  activi- 
ties of  the  right  and  left  ventricles.  By  slowing  the  inflow  of  blood  into  the  lungs  it  enables 
the  weakened  left  ventricle  to  deplete  the  pulmonarj'  capillaries  more  effectually  than 
woidd  occur  if  more  blood  were  thrown  into  them  by  the  relatively  stronger  right  ventricle. 

3.  In  the  head  up  position  the  veins  of  the  medulla  drain  more  readily,  thus  diminish- 
ing •venous  stasia  in  the  medulla  and  cons^queJitly  also  tliminishing  the  effect  of  dire(>t  CO| 
stimulation  of  the  vagus  and  respiratory  centres.  This  effect  of  the  erect  position  m  dimin- 
iahing  the  volume  of  ( i.e.,  the  biood  in)  Iht^  brain  is  well  known  to  brain  surgeons,  who  8om&- 
tunes  make  use  of  it  for  penetrating  to  otherwise  inaccessible  places. 

Cardiac  dyapncea  is  particularly  marked  during  sleep,  partly  because 
the  diminished  sensitiveness  of  the  respiratoi^-^  centres  allows  CO2  to  accu- 
mulate (if  only  incmn'utarily)  with  greiiter  ptise  than  during  periods  of  wake- 
fulnesa,  and  partly  because  the  muscles  of  the  larynx  relax,  the  laryngeal 
^  slit  is  narrowed,  and  air  enters  the  lungs  with  more  difficulty,  thus  allow- 
;  a  slight  asjjhyxia  to  set  in. 

Cardiac  Asthma. — Occasionally  the  respiratorj'  distress  takes  the  form 
of  a  definite  paroxj  smal  dj'spnoea  or  cardiac  asthma.  These  parox>'sma 
tare  particularly  conuiion  in  aortic  insufficiency  or  coronarj'  sclerosis.  They 
[frequently  occur  itt  the  moment  of  awakening,  Porges,  Leimdorfer  and  Marco- 
vici,  as  well  as  Grey  and  Hirschfelder,  have  shown  that  there  are  two  t>T>es  of 
cardiac  dyspncea:  One  due  to  stasis  in  the  pulmonary  air  circulation  or  to 
increased  venosity  of  the  blood,  accompanied  by  alveolar  air  of  normal  com- 
position (5-5.5  to  CO2  partial  presifiure  38  to  42  nmi.  Hg) ;  the  other  due  to 
general  acidosis  or  to  local  acidosis  of  medulla  from  diminished  flow  of  ar- 
terial blood,  leading  to  over-«timulation  of  the  respiratory  centre.  These 
obser\'ations  have  l^een  extended  and  confirmed  by  Lewis,  Ryffel,  Wolf, 
Cotton  and  Barcroft  (Heart,  1913-1914,  v,  45)  as  well  as  by  Peabody  (Arch. 
Int  Med.,  1914,  xiv,  236). 

While  the  patient  is  awake,  such  attacks  are  sometimes  brought  on 
by  the  act  of  defecation.  This  is  not  surprising,  since  defecation  presents 
a  typical  Valsalva '.s  experiment,  in  which,  as  pre\'iously  shown,  a  great 
strain  is  thrown  upon  the  left  ventricle,  sometimes  severe  enough  to  pro- 
duce a  functional  mitral  insufficiency. 

Morphine  and  Strychnine  in  Cardiac  Dyspnoea. — Such  attacks  of  car- 
diac asthmia  may  be  relieved  by  morphine,  but  the  continued  use  of  mor- 
phine for  this  purpose  often  has  a  bad  effect.  Though  it  momentarily  relieves 
the  distress,  it  also  diminishes  the  irritability  of  the  respirator>'  centre  and 
thus  allows  still  more  CO2  to  collect  in  the  blood.  The  patient  then  requires 
still  more  morphine  to  quiet  him,  and  a  vicious  circle  is  introduced: 

Accumulation  of  CX>j        ,, # • 

inthelunga        "*  Paroxysm  of  acapnia 

1  I 

Dimmished  irritabU.ly  _  Morphine 
of  respiratory  centre 
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On  the  other  hand,  morphine  itself  induces  ChejTie-Stokefi  breathing  in 
animals  (Barbour,  J.  Pharmacol,  and  Exper.  Therap.),  and  nmy  lead  to  the 
very  condition  that  it  attempts  to  cure.  In  animals  this  effect  on  the  respir- 
atory centre  can  be  checked  by  the  administration  of  atropine,  and  the  same 
applies  to  man,  except  in  cases  of  auricular  fibrillation  in  which  the  effect  of 
the  latter  in  preventing  the  curative  action  of  digitalis  may  render  its  use 
inad\'isable.  In  such  eases  strychnine  (2-5  mg.),  as  Eyster  has  shown,  may 
afford  a  certain  amount  of  relief.  After  tlie  first  few  doses  of  morphine  it  is 
frequently  possible  to  get  the  quieting  effect  by  injection  of  distilled  water 
or  by  atropine  or  strychnine  alone. 

In  the  choice  between  strychnine  and  atropine  it  must  be  lx)rne  in  mind 
that  Edsall  and  Mean.s  have  sho%vn  that  the  latter  drug  is  the  more  powerful 
stimulant  of  the  respiratorj'  centre,  and  that  the  effectiveness  of  strychnine 
has  Ix'en  much  overrated  by  the  general  practitioner.  If  these  drugs  do  not 
suffice,  morphine  niiiy  have  t(.)  be  given,  but  it  is  best  to  give  some  atropine 
or  a  little  hyoscine  hydrobromide  (gr.  yhy— jir)  along  with  it,  as  hyoscine 
has,  besides  the  sedative  action  on  the  brain,  an  atropine-like  action  on  the 
respiratory  centre,  Hyoscine  nmy  also  be  substituted  for  morphine,  especially 
in  subsequent  injections,  but  care  must  be  taken  not  to  give  too  much. 

Cardiac  Asthma  from  Nasal  Disease. — .Another  form  of  asthma  vrith  cardiac  symptoms 
haa  its  origin  not  within  the  heart  hut  in  the  nose.  Frani;ois-Fraack  in  1889  was  able  to 
demonstrate  that  cuugh^  laryngeal  spasm  (false  croup),  asthma,  and  a  reflex  bronchitia 
arise  reflexJy  from  atimulation  of  the  nasal  mucosa.  He  was  able  to  reproduce  these  phe- 
nomena in  animals  by  stimulating  the  mucosa  of  the  septum.  They  were  accompanied 
by  acceleration  of  the  heart  and  vasoconstriction.  They  iJid  not  appear  when  the  latter 
had  been  cfJCJiinized;  or,  if  they  had  once  set  in,  they  disappeared  on  cocainization.  He 
found  that  these  effects  were  much  more  pronounced  in  animals  with  experimental  aortic 
insufficiency  than  ia  normal  animals,  and  he  l>eheve8  that  such  exaggerated  responses  to 
nasal  refle.xes  are  responsible  for  many  of  the  piiroxysmal  respiratory-  disturbances  in  car- 
diac patients  su/fering  from  cardiac  disease,  and  especially  from  aortic  insufficienc}-.  It 
ia  poesible  that  they  may  give  rise  to  some  of  the  vasomotor  crises. 

It  is  important  to  differentiate  cardiac  asthma  from  the  bronchial  form. 
Both  may  be  accompanied  by  bronchitis  and  by  the  presence  of  rales.  In 
the  cardiac  form  there  is  no  impediment  to  either  expiration  or  inspira- 
tion, and  hence  only  a  simple  poljT>ncea  is  observed,  while  in  bronchial  asthma 
there  is  stenosis  of  the  smaller  bronchi  with  hinderance  to  both  expiration 
and  inspiration,  and  hence  a  peculiar  labored  and  wheezing  breathing  with 
prolongation  of  expiration  which  is  quite  characteristic. 

C.  M.  Cooper  (Tlic  Respiratory  Rjitio:  A  Preliminary  Note;,  J,  Am.  M.  Asso.,  Chicago, 
1909,  hi,  1182)  suggests  that  the  differential  dLngnosis  in  doubtful  cases  may  sometimes 
be  made  by  noting  the  ratio  Ix-tween  the  periods  during  which  the  breath  can  be  held 
in  full  inspiration  and  those  in  which  it  may  be  held  in  full  expiration.  In  ntirmal  indi- 
viduals the  breath  may  he  held  in  inspiration  from  40  to  70  seconds;  in  expiration  from 

20  to  35  seconds    ( i.e.,  ratio  r^,.,p  |-    In    patients    with     cardiac    insufficiency   tliis    ratio 

/25\ 

is  preserved,  thougiv  the    periods   are  shortened  ( -7  Y    In   bronchial    astliinn,    on    the 

other  hand,  the  breath  can  be  held  longer  in  expiration  than  in  inspiration  and  the  ratio 


ia  reversed   (^5). 


It  seems  probable  that  thb  ratio  will  prove  of  great  value  in  differentiating  between 
asthmatic  attacks  due  to  acvite  failure  of  the  left  ventricle  and  those  which  arise  in  cases 
of  cardiac  diseases,  from  intercurrent  bronchial  asthma. 
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PULMONARY  (EDEMA, 

Occasionally  the  attack  of  cnrdiac  failure  in  very  severe  and  is  acoom- 
panied  by  cedema  of  the  lungs.  The  above-mentioned  experiments  of  Welch 
and  Cohnheirh,  and  later  of  V.  Basch  and  bis  pupils,  have  shown  that  this  is 
due  to  pulmonary  stasia  from  acute  failure  of  the  left  ventricle.  It  is  most 
frequent  in  cases  of  mitral  stenosis  in  which  pulmonary  stasis  readily  sets  in, 
and  is  the  complication  particularly  to  be  feared  during  pregnancy  and  labor. 

Experimentally,  pulmoaarj*  cedema  is  readily  produced  by  overstraining  the  left  ven- 
tricle through  an  overdose  of  adrenalin  (L.  LoebM-  Besides  conditions  of  cardiac  disease 
it  is  occasionally  encountered  after  operations  in  which  adrenalin  has  been  used,  especially 
when  in  large  amounts  or  upon  surfaces  from  which  it  is  readily  absorbed.  Occasionally,  as 
ia  a  case  recently  known  to  the  writer,  sudden  death  rosults  from  this  cause  from  an  opera* 
tion  otherwise  trivial. 

J.  L.  Miller  and  S.  A.  Matthews  have  recently  investigated  the  action  of  numerous 
poisons  in  producing  pulmonary  oedema,  and  have  found  that  mechanical  factors  in  the 
circulation  (failure  of  the  left  ventricle)  are  the  immediate  cause  of  the  puhnonary  a-derntt 
after  adrenalin,  iodides,  and  iodine,  but  that  acetic  ether,  nitric  oxide,  and  ammonia  cause 
it  to  appear  without  any  e%'idence  of  disproportion  between  the  action  of  the  two  ventricles. 
These  substances  apparently  act  entirely  by  injuring  the  walla  of  the  putmonar>'  vessels 
and  by  increasing  the  secretion  of  the  alveolar  walls,  cells,  and  puhnonary  lymph. 

Signs  of  Pulmonary  (Edema. — The  onset  of  pulmonary  oedema  is  marked 
by  psdlor,  cyanosis,  cough,  coarse  moist  rdles  throughout  the  chest,  and  often 
by  a  frothy  serous  expectoration  which  may  be  very  profuse.  Friedrich 
Miiller  hiis  shown*  that  this  expectoration  contains  considerable  albumen,  a 
fact  of  great  diagnostic  importance  in  doubtful  cases.  These  sjinptoms 
constitute  a  signal  for  immetliate  action. 

Treatment. — The  strain  upon  the  left  ventricle  may  be  relieved  by 
inhalations  of  amyl  nitrite,  and  it.s  strength  may  be  increased  within  a  few 
minutes  by  intravenous  injection  of  strophanthus.  The  most  certain  pro- 
cedure, however,  is  venesection,  since  it  diminishes  the  work  of  the 
right  heart  at  once  and  thus  enables  the  left  ventricle  to  equalize  conditions. 
Accordingly,  pulmonary  cedema  is  the  signal  for  venesection  in  any  except 
the  most  aniemic  persons. 

For  the  cedema  itself,  atropine  (0.5-1.0  mg.,  jhs  to  tiV  gr.,  hypodermati- 
caily)  should  be  given,  inasmuch  as  it  diminishes  the  bronchial  secretions  and 
does  away  with  the  oedema.    In  desperate  cases  larger  doses  should  be  ui^ed. 

HEMORRHAGE  FROM  THE  LUNGS. 

As  a  result  of  engorgement  of  the  pulmonary  capillaries  or  of  permanent 
injury  to  their  walls,  hemorrhages  from  the  lungs  may  occur  in  any  acute 
cardiac  overstrain,  but  they  are  most  frequently  seen  in  cases  of  mitral  disease. 
In  itself  such  a  pulmonar>'  hemorrhage  is  of  no  importance,  although  by  reliev- 
ing the  congestion  it  may  bring  a  great  deal  of  subjective  relief  to  the  patient.* 

"  Havejj  Emerson  has  shown  that  this  occurs  only  when  the  chest  in  closed,  not  when 
the  chest  is  o|icned  and  artificia!  respiration  substituted,  and  that  it  can  often  be  cured  by 
artificial  respiration  with  bellows  inflation.  Barringer  report*  good  results  from  artificial 
respiration  in  one  patient. 

*  To  demonstrate  the  presence  of  albumen  add  dilute  acetic  acid  to  the  sputum  to 
precipitate  all  the  mucin,  filter,  and  then  precipitate  tlie  albumen  from  the  filtrat-e  by  the 
addition  of  pobissivim  ferrofvanide. 

*  Wif^gers  (Arch.  Int.  Med.,  1911.  viii,  17)  ha£  shown  that  pituitary  extract  diminishes 
puhnonary  hemorrhage  better  than  other  drugs. 
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Oq  the  other  hand,  the  conditions  which  bring  them  on  acutely  are  frequently 
those  of  severe  overstrain.  They  are  particularly  common  in  mitral  disease, 
in  puhnonary  insufficiency  and  sclerosis,  and  congenital  heart  diseases. 

It  18  always  of  the  greatest  importance  to  diflferentiale  between  euch  an  haftnoptyais 
and  that  of  an  earlj'  pulmonary  tuberculosis,  and  only  llie  most  careful  repeated  exainina- 
tioDS,  ooupted  with  the  presence  of  the  cardiac  lesion  and  the  absence  of  signs  of  pulmonary 
disease,  give  sufficient  grounds  to  exclude  the  btter*  It  m  particularly  important  to  examine 
for  tubercle  bacilli  in  the  blood  spit  up,  since  after  a  hemorrhage  they  may  not  be  present 
again  in  the  sputum  for  several  months. 

Rest  and  the  general  measures  which  diminish  pulmonary  engorgement 

constitute  the  treatment. 

PLLMONART  EMBOLISM  AMD  HEMORRHAGES 

Pulmonary  embolism  with  infarction  is  a  not  uncommon  complication 
when  a  clot  forming  in  the  right  auricle  or  ventricle  is  loosened  into  the  circu- 
lation and  lodges  in  some  branch  of  the  pulmonary  artery.  Thesse  infarcts 
may  be  large  or  small,  dependent  upon  the  artery  occluded,  and  upon  their 
size  depends  the  severity  of  the  symptoms  and  the  onset  of  dyspnoea. 

In  all  these  cast's  there  is  an  area  of  dulnesa,  tubular  breathing, 
and  increiused  vocal  fremitus  over  some  parts  of  the  lung,  and  the  expectoration  of  a  slimy, 
bloody  or  prune -juice  sputum,  which  differs  from  tliat  occurring  in  brown 
induration  in  lx*ing  much  richer,  deeper  in  color,  and  in  containing  a  great  deal  of  more  or 
less  changed  blood  intimately  tiiixed  with  the  mucus  instead  of  somewhat  separate  from  it. 
Pulmonary  embolism  is  sometimes  fatal  when  a  large  vessel  is  occluded,  but  usually  not  so 
in  the  first  instunce.  Exactly  when  a  single  embolus  will  be  followed  by  a  showor  of  emboli 
and  a  fatal  result  cannot  be  foretold,  and  the  patient  hves  continually  under  a  sword  of 
Damocles,  aUthough  in  some  cases  he  may  live  for  several  years  without  further  disturbance. 

CHEYNE-STOKES   BREATHING. 

Cheyne,  of  Dublin,  {lescrilxHi  a  peculiar  fonri  of  respiration  in  which  there 
are  occasional  pauses  of  variable  duration,  from  se\'eral  seconds  to  half  a 
minute,  followed  by  inspirations  at  first  slow,  then  more  rapid,  then  again 


Fia.  122, —  The  two  types  of  Cheyne-Stokea  respiration  in  their  relations  to  the  blood-prosstirB 
curves.  (After  Eyi«ter.)  A.  Intracranial  preaaure  type — apnicEa  accompanies  sJowin*  of  the  pube  aud 
fall  t»f  blood-pressure.  B.  The  eardiao  type — apaoca  aaeociated  with  rise  of  blcjod-preaaurB  aad  quiok- 
«Din9  oi  tbe  pula«-rat«. 

lapsing  into  a  pau.se.  It  was  again  described  by  Stokes  in  1846  and  is  very 
common  in  bad  cases.  This  phenomenon  is  particularly  fn-quent  in  heart 
cases,  especially  in  aortic  disease,  and  is  usually  seen  when  the  patient  is  asleep. 
It  is  also  common  in  cases  of  brain  tumor,  apoplexy,  or  any  condition  where 
there  is  an  increased  intracranial  tension.  Not  infrequently,  in  cardiac  disease, 
the  patient  is  in  a  state  of  coma  or  semicoma  during  the  periods  of  apnoea  but 
fully  conscious  during  the  periods  of  dyspncea.  During  the  former  the  pupils 
are  contracted  and  do  not  react;  during  the  latter  they  widen  and  react  again. 
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Eyister  has  found  that  the  occurrence  of  Cheyne-Stokes  respiration  is  always  aaaocdated 
inth  tlic  slow  periodic  changes  of  blood-preasufc  known  aa  Traube-Hering  waves.  He  distin- 
_  i  two  types:  In  the  first,  which  \a  always  aasociat^Ki  with  increased  intracranial  tension, 
m  in  brain  tumor,  meningitis,  uraemia,  the  period  of  respiratory  activity  is 
associated  with  a  rise  of  blood-preaaure  and  quickening  of  the  pulse,  the  period  of 
a  p  n  o  e  a  with  afallofblood-pressure  and  s  1  o  w  i  n  g  of  the  pulse  (Fig.  122,  A). 

In  the  second  tj'pc,  the  common  form  in  cardiac  and  arterial  disease,  the  respi- 
ratory p.  ctivity  ia  aasocinted  vfiih  a  fall  in  blood-pressure  and  slowing  of 
the  pulse,  and  the  a  p  n  o  e  a  is  associated  with  rise  in  blood-pressure  and  quick- 
ening of  pulse-rate  (Fig.  122,  B),  Eysler  was  able  to  reproduce  the  first  group  in  animals 
by  raising  the  iutracriinial  tension,  and  found  that  wtienever  the  intracranial  pressure  was 
above  the  mean  blood-preasure  apntjea  occurred.  Then  the  blood-pressure  rose  through 
asphyxial  aliuaiulation  of  the  vasomotor  centre,  and  when  it  overtopped  the  intracranial 
pressure,  respirations  again  set  in. 

Biot  has  described  another  type  of  respiration,  in  which  a  series  of  inspirations  equal 
in  rate  and  in  size  are  punctuated  by  long  apnceic  pauses. 

Moeao  has  also  depicted  another  group  of  periodic  respirations  occurring  at  high 
altitudes,  apparently  from  low  C0»  content  of  the  blood  reaching  the  vasomotor  centre 
(acapnia),  in  which  there  is  witli each  respiratory  group  rise  of  blood-pressure 
and  B 1  o  w  i  n  g  of  the  pulse. 

Haldane,  Douglas,  and  Boddard,  as  well  as  Yandell  Henderson,  have  produced  Che>Tie- 
Stokes  breathing  from  acapnia  by  very  rapid  breatJiing,  and  tliia  seems  to  bear  a  closer 
■  relation  to  the  cardiac  type  than  do  the  results  of  intracranial  pressure.  The  hyperpnoea 
Washes  out  the  COj  from  the  blood,  the  apna?a  sets  in  until  the  CO:  rcaccuinulates  in  the 
blood,  during  wliich  period  the  irritabiUty  of  tlie  reapiratorj'  centre  is  slightly  depressed, 
so  that  the  CDs  gradually  accumulates  in  slight  excess.  Dj^pncea  and  h}pcrpua»a  then 
set  in  and  the  performance  is  repeated. 

Barbdur  (Jour,  Pharmacol  and  Exper.  Therap.,  1913-14,  v,  393)  has  produced  Cheyne- 
Sttjkes  breathing  in  morphine  poi.soning  (see  page  218)  The  morphine  lowers  the  irrita- 
bility of  the  respiratory  centre.  The  depress^^d  centre  then  resfwuds  to  the  stimulus  of  a 
nonnal  amount  of  COt  in  exactly  the  same  w.iy  as  a  normal  centre  responds  to  a  diminished 
amount  of  COj — i.e.,  by  ChejTie-Stokes  breathing. 

The  irritability  of  the  respiratory  centre  can  be  increased  by  atropine 
sulphate  (1  mg.,  J^  gr.)  hjpo  or,  as  Eyster  tias  shown,  sometimes  (1)  by  injec- 
tions of  str>'chnine  (1.5  mg.,  ^  gr.)  and  (2)  by  inhalfttions  of  COs.  The 
latter  observation  has  lx?en  confirmed  by  Penibrey  and  BetUbrd,  who  were 
working  from  the  standpoint  of  Haldane.  Pembrey  wiis  able  to  canse  the 
periodic  bre.** thing  to  return  to  normal  by  causing  the  patient  to  breathe 
either  pure  Ot  or  O2  containing  an  excews  of  CO2,  demonstrating  that  in  this 
case  the  action  of  the  respiratory  centre  could  be  restored  by  either  improvLiig 
it^i  condition  and  increasing  its  irritability  through  increased  aeration,  or  by 
increasing  the  strength  of  the  respiratory  stimuJua  by  increasing  the  concen- 
tration of  COs  in  the  lung  alveoli. 

The  occurrence  of  Cheyne-8toke8  respiration  is  a  grave  symptom.  It 
is  often  a  harbinger  of  death,  as  claimed  by  some  authors,  but  the  writer 
has  aeen  maDy  patients  recover  from  it  and  even  live  for  several  years. 

COUGH. 

Patients  with  chronic  cardiac  trouble  are  very  apt  to  suffer  from  a  mild 

Icougb,  even  during  their  periods  of  remission,  and  especially  every  winter. 

'Sometimes  this  may  even  be  mistaken  for  a  primary  bronchitis.     Primarily 

the  condition  is  due  to  engorgement  of  the  pulmonary  vascular  system,  with 

increased  secretion  of  the  bronchial  mucous  glands  as  a  result.  ^    It  represents 

a  state  of  mild  loss  of  pulmonar>'  compensation. 

>The  pressure  of  a  dilated  left  auricle  upon  the  recuzrent  lAryngeal  nerve  often  causes 
oough. 
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In  somewhat  worse  form,  and  particularly  iii  bad  cases  of  chronic  mitral  disease,  tlie 
alveolar  aipilliiry  walls  become  so  much  injured  that  there  ia  diaixxlcaia  of  red  blood*celJft 
into  the  alveoli.  These  die  and  are  taken  up  by  phagocj'tea  which  find  their  way  into 
tlie  sputum  in  the  form  of  "  Herzfehloraellen  " — large  endothelial  cells  containing  \'acuo]e» 
and  numerous  brown  granules  of  hirmoaiderin.  The  expeetoration  of  "  Herzfehlerzellen  " 
is  usually  associated  with  a  conditioa  of  brown  induration  of  the  liuigs,  a  ehronic  interstiti^ 
pneumonia  with  dilatation  of  the  pulmonary  capillaries,  tortuous  condition  of  the  veflBels, 
and  deposition  of  ImvmoHiderin  in  the  tiasues. 

ACCUMULATIONS  OF  FLUID  IN  CARDIAC  DISEASE. 
OEdema» — When  ji  ca.'^f  of  heart  diseiuso  reaches  the  .stiijjp  of  broken 
'(fystemic)  compensation  and  the  right  heart  fails  to  perform  its  function 
properly,  tedenm  of  the  feet  aniJ  legs  seta  in.  This  occurs  at  some  stage  of 
almost  every  ease  of  heart,  disease ,  but  not  always  at  stages  of  equal  se\  erity, 
sometimes  setting  in  quite  early,  sometimes  only  as  a  terminal  e^'ent.  Keith, 
Rowntree  and  Oeraghty  have  shown  that  the  total  volume  of  blofvd  plasma 
is  sometimes  but  not  always  increased  in  cedema,  so  that  a  true  plethora  may 
or  may  not  be  present  (see  page  45). 

The  distribution  of  oedema  of  cardiac  oripin  differs  characteristically 
from  the  nephritic  type.  This  is  readily  comprehensible  when  it  is  recalled 
tliat,  as  ('ohnheim  has  shown,  cedenui  occurs  only  w^hen  there  has  been  some 
injury  to  the  walls  of  the  vessels  and  capillaries.  In  nephritis  Heinecke 
and  Meyerstein  have  proved  the  existence  of  a  substance  in  the  blood  which 
injures  the  capiilarieSf  and  Kast  has  demonstrated  that  the  blood  of  nephritics 
contains  a  siibst'incf  with  lymphagopiie  action.  As  might  l:>e  exi>ected  from  a 
poison  circulating  in  the  bh.Mxl,  the  mjuryoeeurssunultaneoush'' throughout  the 
body.  Hence  in  nephritis  the  a^dema  begins  ttuite  irresfjectively  of  the  action 
of  gravity  and  is  esiwcially  marked  in  the  face  and  eyelids.  In  cardiac  cedema 
there  is  no  such  lymphagogue  poison  at  work,  and  the  injury  to  the  capillary 

walls  is  the  result  of  local  stasis,  lack 
of  oxygen  in  the  cells  of  the  c-apillary 
walls  under  the  influence  of  the  slowed 
circulation.  Accordingh'  it  begins 
where  circulation  is  slowest,  i.e.,  in  the 
dependent  portions— the  feet  and  legs 
— and  either  remains  localized  there, 
or,  if  the  condition  l>ecomes  worse, 
progresses  ufnvard  to  the  genitalia,  to 
the  abdominal  cavity  (portal  stasis), 
giving  rise  to  intense  ascites,  to  the 
subcutaneous  tissue  of  the  body  wail, 
and  finally  to  the  production  of  fluid 
IP  tJie  chest  (hydrothorax). 

.Of.cu.sionaUy  when  the  oedema  ha^  Ix-en 
lung  continued  the  limbs  reach  tremendous 
proportions.  .Some  four  years  ago  the  writer 
Ivad  under  his  eare  af  the  Johns  Hopkins 
Hospital  a  patient  who  reached  the  wiu-d  in 
a  enndition  of  verj'  marked  dy.spncea,  wnth 
legs  swollen  to  a  diameter  of  l(>i  inches  and 
absolutely  elephantoid  in  aj>pearance  (Fig. 
123).  The  skin  over  the  entire  le^ts  was  cov- 
ered with  papillomatous  outgrowths  bo  suspicious  thnt  the  dingnoeis  of  e!f[)]mntiaHi<t  vera 
waa  seriously  entertained  by  some  members  of  the  hospittd  atafl.   Tlie  ptitieiit  liad  been  Buf- 


Fia.  123,— Legs  of  o  pBticnt  with  extreme 
oedem*  (Biroulitting  elephantiiL!<i4)  and  UemRD- 
douii  ulcers.  Diameter  of  the  left  leg  lOJ  inches 
(25.5  cii^j.  {brawn  fn>ti>  t>hr>ti>grat)ti(t  Irnt  by 
Dr.  W.  Preettiu  Miller,  of  Uagcr&towij,  Md.) 
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fering  from  a  sever©  aortic  inaufficiency  for  about  a  year,  tmd  for  six  months  had  been  so 
orthopnceic  that  he  had  not  been  able  to  go  to  bed,  but  had  rested  sitting  bolt  upright  in  a 
chair  and  usually  with  feet  down.  There  were  tremendous  cr>'pf-like  ulcers  about  10  cm. 
(4  inches)  in  diameter  on  Ixith  legs,  each  covered  with  a  deep  layer  of  necrotic  tissue.  The 
patient  waa  placed  in  bed  with  fert  raised  to  the  horizontal,  and  the  wound  dressed  with 
a  1-10000  potassium  pennanganatei  solution  and  tr.  digitalis  in.  xv  adniiniistered  every 
four  hours.  He  waa  purged  freely  with  Epsom  salts.  He  improved  so  rapidly  that  within 
twelve  hours  the  cireumfewnce  of  the  legs  had  appreciably  diminished  and  within  a  few 
weeks  they  were  almost  normal.  The  patient  has  remained  quite  well  ever  since  and  iB 
at  present  managing  a  farm  in  western  Marj'land. 

Unfortunately,  oedema  does  Dot  always  disappear  so  satisfactorily.  It 
has  been  shown  that  the  <neilenm  fluid  is  richer  in  salts  than  is  the  bltwod,  and 
that  resorption  of  the  oedema  is  somewhat  favored  by  a  practically  salt-free 
diet,  such  as  one  consisting  of  milk,  sugar,  eggs,  meats,  bread,  sweet  butter, 
and  cereals  prepared  without  the  addition  of  salt.  The  diuretics,  especially 
those  of  the  cafTein  group,  also  favor  resorption';  free  purgation  aids  in  remov- 
ing Huid  from  the  body,  sometimes  as  much  as  3000  c.c.  per  day,  and  digitalis 
does  the  same  by  iniTeasing  heart  action.  Besides  this,  the  cedema  can  be 
combated  by  raising  the  legs  to  the  horizontal,  bj'  massage,  by  passive  motion, 
or  even  by  occasional  active  motions  of  the  legs  made  in  the  horizontal  position. 

Drainage  of  Legs.— Somethnes  also  a  light  spind  elastic  bandage  of  rubber  darn  may 
be  applied  to  the  legs,  Wginning  at  the  feet  and  ascending  to  the  groin,  thereby  assisting 
the  drainage  and  replacing  the  lost  elasticity  of  the  skin.  When  these  means  arc  insufficient, 
several  incisions  may  be  made  aaepticaliy  in  the  akin  of  the  legs  and  drainage  aided  by 
applying  Bier's  suction  cups,  or  a  large  trocar  with  sides  perforated  (Curschniann's  modi- 
fication of  Southey's  tubes)  may  be  inserted  to  bring  about  free  roeclianical  drainage. 

The  l)est  results  are  obtained  by  the  following  method,  described  by  Romberg:  Boil 
along  rubber  lube  fitted  with  a  pinch-(»ck  in  phwiological  salt  solution.  .-Vfler  removing 
the  fxjint  from  the  trocar,  atttich  the  ndiber  tulrje  to  the  metal  tube  of  the  latter  and  place 
the  lower  end  of  the  rubber  tuhw  in  a  basin  of  boiled  * 

water  upon  the  lloor  next  to  the  bed.    In  this  way  a    -       ^^  ^k 

siphon  is  established,  helping  the  drainage  of  the  fluid.  pH  WM 

The  tube  of  the  Irocju-  should  l>c  kept  in  place  in  the  ri  tmm         r^ 

leg  by  tying  with  a  silk  ligature,  the  ends  of  wliich  are 
then  inserted  in  a  strip  of  adlieaive  placed  looaeJy 
about  the  leg  above  the  trocar.  liornberg  states  that 
from  '2  to  15  litre.s  of  fluid  may  be  removed  in  24  hours! 


> 


The  cedema  often  involves  the  scrotimi 
and  peni.s  until  they  are  enlarged  to  two  or 
thre*>  times  the  ordinary  size,  and  phimosis 
or  paraphimosis  may  cause  considerable 
difficult}^  in  micturition. 

Ascites. — Ascites   is   common  and  may 
cause  distress  by  pusliiug  up  the  diaphragm 
as  well  as  by  impeding  tiie  alxlominal  circu- 
lation.    It  is  often  advisable  to  remove  it 
mechanically  hy  introducing  a  trocar  in  the   ^j!;!' ri:;XfZ::l;'^^i 
midline  midway  between  the  umbilicus  and   trdeuia  of  the  legs.   <After  Romberg.) 
the  sympliysis,  under  aseptic  precautions  (after  first  emptying  the  patient's 
bladder),  and  allowing  the  fluid  to  drain  out.     In  so  doing  care  must  be 

'  Fleisher,  Hoyt,  and  Loeb  have  shown  that  the  presence  of  calcium  salts  in  infuaon 
fltjid  diminishes  the  formation  of  oedema,  but  this  observation  had  not  yet  received  an 
application  in  therapeutics  and  these  oboervera  liave  found  tliat  this  does  not  apply  to 
cardiac  oidema. 


taken  to  keep  a  many-tailed  (Scultetus)  bandage  tight  across  the  abdomen, 
readjusting  it  several  times  during  the  tapping  for  fear  too  much  blood 
may  enter  the  relaxed  abdominal  veasels  when  the  pressure  about  them  is 
diminished  and  shock  result  therefrom  (see  page  48). 

Hydrothorax. — In  cases  with  severely  impaired  compensation  hydruthorax 
(usually  right-sided)  is  common.  Starling  and  Leathes,  Stengel,  and  Dutton 
Steele  have  demonstrateil  that  its  frequency  upon  the  right  side  is  due  to 
the  position  of  the  great  azygos  vein,  which  drains  the  int-ercostal  spaces  and 
the  pleuriB.  One  of  the  factors  producing  sta.sis  in  this  vein  is  the  fact  that 
the  latter  enters  obliquely  into  the  superior  vena  cava  (Fig.  4)  and  thus  its 
mouth  is  readily  closed  off.  Another  is  probably  the  fact,  which  the  writer 
has  noted,  that  the  mouth  of  the  vein  is  not  as  distensible  as  the  walls  of  the 
vein  above  it,  and  hence  imposci^  some  obstruction  to  the  blood  flow.  In  all 
cases  of  heart  failure  in  animals  the  azygos  vein  may  be  seen  to  be  dilated 
above  its  entrance  into  the  vena  c^va.  The  heart  in  hydrothorax  is  usually 
displaced  to  the  left.  The  respiration  shows  much  embarrassment;  (1)  from 
removal  of  a  considerable  part  of  the  right  lung,  (2)  from  compression  of  the 
left  lung  by  the  displacement  of  the  heart,  (3)  from  embarrassment  of  the 
heart  itself  from  the  displacement,  (4)  from  compression  of  the  venae  cavae, 
especially  during  defecation  and  exertion.  This  may  prevent  inflow  into  the 
heart  and  cause  su<iden  death  (C'alvert). 

The  fluid  should  always  be  removed  promptly  by  paracentesis  thoracis. 
This  process  is  unfortunately  not  without  danger,  sudden  death  occasionally 
resulting  in  spite  of  the  greatest  care. 

The  writer  hna  seen  two  deutha  of  thia  kind,  and  they  occur  with  about  the  same 
frequency  in  the  experience  of  most  cliniciiins.  A  very  valuable  contribution  to  this  field 
has  been  made  by  the  studies  of  C'appa  and  Lewis,  showing  that  the  visceral  layer  of  the 
inflamed  pleura  is  especially  sensitive,  and  upon  handling  or  touching  it  two  reflex 
phenomena  result,  a  vagal  inhibition,  sometimes  so  intense  asto  stop  the 
heart,  and  a  paralysis  of  the  vasomotor  centre  which  gives  rise  to  a  marked  fall  of  blood- 
presaure.  According  to  these  observations  it  is  advisable  to  diminish  vagal  tone  with  a  pre- 
limiiiLary  hypodermic  injection  of  0.5  to  1  mg.  atropine  (pr.  ^\  to  jlo)  about  15  minutes 
before  beginning  the  tapping,  and  to  have  at  hand  a  hyxjodermic  syringe  loaded  with  1-1000 
adrenalin  chloride  solution  to  restore  promptly  the  vasomotor  tone  in  case  of  collapse. 

RENAL  COMPLICATIONS  OF  CARDIAC  DISEASES. 
RENAL    CHANOE6. 

Albuminuria  and  diminished  secretion  of  urine  are  invariable  results 
of  broken  compensation.  They  may  also  occur  after  severe  exertion,  prob- 
ably as  the  result  of  excessive  pressure  in  the  veins.  The  stasis  in  the  vena 
cava  and  renal  vein  has  been  shown  to  giveri.se  to  albuminuria,  and  the  slow- 
ing of  the  circulation  through  the  kidney  is  sufficient  to  account  for  the  dim- 
inution of  the  urine  secreted. 

The  kidneys  of  such  cases  (O-^er's  arteriosciierotic  kidneys)  are  usually  of  the  large 
red  or  "beefy"  type,  with  both  cortex  and  metiuila  increasetl  in  size,  the  capsuie  atHierent, 
and  diffuse  interstilial  changes  as  well  as  some  pareachymatoiis  degeneration,  The  red 
color  is  probably  due  to  the  venous  congestion. 

It  is  of  great  importance  to  differentiate  between  a  primarj"  cardiac 
disease  with  secondary  renal  involvement  and  primary  chronic  nephritis 
with  secondary  arteriosclerosis,  cardiac  hypertrophy,  and  cardiac  insuffi- 
ciency. At  an  early  stage  of  the  disease  a  careful  study  of  the  chloride  metabo- 
lism and  its  relation  to  urine  concentration  may  be  of  great  help. 
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Urine  in  Chronic  Heart  FalJure. — I  n  cardiac  cases  the  power  of  ex- 
eretins  NaCl  is,  as  a  rule,  not  as  much  impaired  as  in  renal 
c  a  8  e  a.  If  5  Gm.  NaCl  be  added  to  the  diet  on  one  occasjon  there  shoidd  be  an  abrupt 
rise  in  the  NaCl  content  of  the  uriue.  If  the  kidney  cells  are  damaged  it  will  be  gradually 
excreted  during  2-4  dayu.  The  phenolsulpbonphthalem  excretion  is  undiminished  unless 
oompensatioD  is  badly  broken,  is  never  mych  below  fifteen  per  cent.,  and  rises  to  nearly 
normal  soon  after  improvennient  begins  (Rowntree  and  Geraghty,  J.  Am.  M.  Assoc,  19U,  Ivii, 
811).  At  certain  stages  renal  function  may  be  impaired  to  an  equal  degree  by  venous 
engorgement  and  by  primary  renal  disease,  but  in  cardiac  oases  renal  function  returns 
as  stasia  pasaee  off. 

These  renal  changes  are  in  severe  cases  associated  with  local  acid  intoxication  of  the 
Iddneys  (M.  H.  Fischer,  Nephritis  and  Qidema). 

Newburgh,  Henderson  and  Palmer  (Arch.  Int.  Med.,  1913,  xii,  146),  who  have 
investigated  the  hydrogen  ions  of  the  kidneys,  state  that  they  have  never  encountered  recov- 
ery in  a  patient  whose  urine  was  acid  to  methyl  red  (or  paranitrophenol;  concentration  of 
hydrogen  ions  1 :  100,000  normal  or  H  ■•  log-5.) .  This  simple  test  seems  to  L*e  au  important  factor 
in  prognosis. 

SENSORY  SYMPTOMS  ABOUT  THE  HEART. 

Palpitation, — Under  normal  conditions  one  is  not  conscious  of  seusoiy 
impressions  from  the  region  of  the  heart.  Einthoven,  Flohil,  and  Battaerd 
have  shovm,  however,  that  an  afferent  impulse  is  transmitted  up  the  vagi 
by  each  heart-beat,  and  there  are  probably  similar  impulses  transmdtted 
through  the  intercostal  nerves  from  the  parietal  pleura,  mediastinum,  and 
chest  wall,  against  which  the  heart  is  beating.  Under  normal  conditions 
these  sensations  do  not  reach  consciousness,  but  they  occasionally  do  so 
when  the  general  nervous  sensibility  is  increased,  as  by  coffee,  tobacco,  or 
hyperthyroidism,  in  neurasthenic  and  hysterical  states,  or  when  the  beat  of 
the  heart  is  more  forcible  than  usual.  The  distinct  sensation  caused  by  each 
beat  of  the  heart  Is  known  ius  palpitation.  It  is  frequently  associated  with 
cardiac  weakness  and  irregularities,  and  has  been  thought  by  some  writers 
to  be  clearly  associated  with  extrasy stoles.  b 

But  while  it  is  true  that  extrasystolea 
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Fio.  125. — Electrical  record  of  afferent  impubtM  travelling  up  thtt  vaiji.  (After  Einthoven,  Flohil, 
and  Battaerd.)  VAG..  record  of  <icntrip«tal  electrical  wave  in  the  va«u*t  RESP..  rwpiration  ;  CAROT.. 
carotid  tracing,  A.  In  quiet  breathing.  B.  In  apucea.  The  large  declncal  waves  are  due  to  respiration  ; 
the  small  onea  to  the  cardiac  contraction. 

frequently  give  rise  to  palpitation  and  also  that  the  patient  can  often  dis- 
tinguish between  strong  beats  and  weak  beats,  nevertheless  there  are  many 
cases  of  extrasy  .stoles  without  palpitation  and  of  palpitation  without  extra- 
systoles.  Hirschfelder  has  shown  that  palpitation  may  occur  without  any 
motor  disturbance  in  the  heart's  action  and  without  any  change  in  the  reflex 
response  of  the  heart  to  various  stimuli.  Hewlett  hjis  found  the  c  wave 
unusually  large  and  sutlden  in  a  ciise  of  palpitation,  and  belie%'t^  that  the 
"earlier  movements  of  the  ventricle  were  exerted  with  unusual  speed." 
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However,  this  finding  is  not  uniform  in  cases  of  palpitation,  and,  moreover, 
would  not  explain  the  occurrence  of  palpitation  from  weak  extrasystolcs  in 
whicfi  these  movements  are  executed  slowly.  Such  changes  in  the  venous 
pulse  are  often  found  in  vigorously  beatinp  hearts  without  any  palpitation 
whatever.  Palpitation  is  therefore  to  be  regarded  as  a  purely  sensorj'  phe- 
nomenon, which,  though  it  is  frequently  associated  with  cardiac  disturbances, 
may  occur  quite  independently. 

The  category  of  sensations  in  which  palpitation  should  be  placed  and  the  path  whi<^ 
the  sensation  traverses  are  not  perfectly  clear.  It  is  evidently  a  pressure  or  touch  sensation, 
perfectly  distinct,  and  Eniited  to  the  jwriod  of  s>T5toie.^  It  ts  always  sharply  localized, 
usually  referred  to  either  the  ajwx  or  the  bifurcation  of  the  trachea — tlie  two  sites  at  which 
the  heart  exerts  direct  pres3ure  or  traction  uptm  the  surrounding  atructures.  In  this  dis- 
tinctnoas  it  differs  entirely  from  other  visceral  sensations,  which  are  less  definite  in  time 
and  m  site,  and  also,  as  a  rule,  more  nearly  allied  to  pain  sensation.  It  thus  differs  greatly 
from  the  pain  sensiitions  arising  in  and  about  the  htvu-t,  and  hence  suggests  that  it  should 
be  pkced  in  a  different  categorj'.  Whether  the  path  of  the  sensation  is  up  the  vagi  or 
through  the  thoracic  nerves  cannot  at  present  be  stated.* 

Another  [Kiint  in  favor  of  the  view  tlwt  paljntation  is  an  extracardiac  sensation  is  th^ 
fact  that  quite  similar  sensations  rnav  he  felt  in  the  abdominal  aorta  and  radial  arteries 
when  there  is  visible  pidsation  (to-and-fro  motion)  of  the  latter  with  pressure  and  traction 
upon  the  skin  and  surrounding  structures. 

The  continuance  of  the  sensation  is  very  wearing  upon  the  patient, 
especially  when  the  heart  is  irregular.  Often  he  is  able  to  distinguish  be- 
tween large  and  small  beat>s,  and  is  constantly  reminded  of  the  pathological 
condition  and  usually  much  worried  about  it.  The  sensation  is  not  entirely 
dependent  upon  psychic  phenomena;  fur  in  one  case  under  the  WTiter's  obser- 
vation (I.e.)  it  dlsapi>eared  for  live  minutes,  while  the  blood-pressure  and  pulse- 
rate  rose  after  exercise  when  the  patient  Wiis  under  examination,  although 
he  had  his  mind  fixed  upon  the  disturl>ance  throughout  the  entire  procedure. 

Palpitation  is  frequently  the  result  of  tea  or  coffee  drinking,  smoking, 
digestive  disturbances;  it  often  occurs  with  various  forma  of  cardiac  diseases, 
but  seems  to  have  no  relation  to  the  latter.  Relief  is  very  difficult  to  obtain. 
Except  for  removing  the  causal  factor,  application  of  an  ice-bag  or  a  cold- 
_water  coil  over  the  heart  is  al>out  the  best  remedy.  The  bromides  of  potas- 
^um,  ammonium,  and  strontium  are  of  some  value,  as  are  also  vibratory 
'^nas.sage  and  the  application  of  sinusoidal  currents. 

Precordial  Pain. — Prei-ordial  pain  is  a  less  definite  sensation  than  palpi- 
tation. It  is  continuous  throughout  the  cardiac  cycle,  is  less  definitely  local- 
ized, and  more  commfuily  associatefl  with  referred  seiisor\'  disturbances 
resembling  other  types  of  visceral  scmsation.  It  seems  to  bear  a  somewhat 
closer  relation  to  dilatation  of  the  heart,  and,  as  a  rule,  accompanies  more 
.severe  organic  cUseases,  being  especially  common  in  aortic  and  mitral  lesions. 
There  is  sometimes  precordial  tenderness  (see  page  385). 

Sir  William  Ewart  (Brit  M.  J.,  1899,  ii.  1178;  1911,  ii,  805)  claims  that 
precordial  pain  may  be  relieved  by  inhalations  of  car!>onic  acid  gas  well  diluted 
with  air  (see  page  241).  The  writer's  experience  with  this  mode  of  treatment 
is  limited,  but  he  has  seen  some  unexpected  benefit  from  its  use.  Except 
for  causing  increased  depth  of  respiration,  its  mode  of  action  is  imexplained. 

*  Sir  Lauder  Bruaton  has  indefX'ndently  advocate<t  the  same  view. 

•Sir  Lauder  Brunton  (On  Disiitalis,  (^'ollectcd  Papers  on  Circulation  and  Respiration, 
Lond.  and  N.  Y.,  HH)7,  p.  52,  and  ThenqK^utit-H  of  the  Circulation,  I>ond.,  1908,  p.  110) 
has  given  the  same  exphtnation,  ascribing  it  to  the  beating  of  the  apex  agninst  the  chest  wall. 
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Frequently  in  heart  diseaaea,  and  especially  in  cases  of  aneurism  and  angina,  there  ia 
aiarked  pain  radiating  down  eitlier  or  both  u  r  m  8.  In  fact  these  may  be  the  firet  symp- 
toms given  by  an  aneurism.  It  is  easily  seen  from  the  distribution  of  the  cardiac  nerves 
(page  18,  Fig.  18)  that  a  lesion  in  the  vicinity  of  the  sympathetic  fibres  might  give  sensationa 
wliieh,  reaching  one  of  the  cervical  spinal  ganglia,  would  be  referred  to  its  peripheral  dis- 
tribution in  the  cutaneaua  region  innervat<?d  by  that  aegment,  uflually  down  the  arm.  Hence 
the  frequency  of  these  pains.  Not  onJy  carthac  condition,  but  high  blood-pressure  in  the 
aorta  n;ay  cause  this  distress.  It  is  difficult  to  relieve  this  symptom.  If  lowering  of  the 
blood-pressure  with  nitrogiycerin  fails  to  bring  it  about,  codeine,  15  to  20  mg.  (1  to  i  gr.) 
ahould  be  tried,  and,  if  that  does  not  suFBce,  morphine  may  have  to  be  resorted  to,  out 
ahould  always  be  avoided  ua  long  as  possible. 

DIGESTIVE  DISTURBANCES. 

One  of  the  first  effects  of  weakening  of  the  heart  is  engorgement  of  the 
veins  of  the  portal  system,  and  this  in  turn  brings  about  a  catarrhal  condi- 
tion in  the  mucosa,  and  especially  the  ga-stric  mucosa,  with  consequent 
symptoms  of  indigestion.*  Fermentation  frequently  takes  place,  and  the 
inflation  of  the  stomach  with  ga.s,  displacing  the  diaphragm  upwards  and 
shifting  the  heart  more  toward.s  the  horizontal,  tentls  to  increase  its  embar- 
rassment. Overloading  the  stomach,  the  transdiaphragmatic  neighbor  of  the 
heart,  should  therefore  always  be  avoided;  and  the  patient  will  be  saved  much 
suffering  if  he  is  kept  on  a  light,  easily  digestible  diet,  consisting  largely  of 
eggs,  milk,  and  carbohydrates,  just  enough  in  quantity  to  keep  him  from 
losing  weight-  Friedrieh  Muller  hiis  shi>\vn  a  diminished  power  of  absorption 
of  fats  in  heart  disejise.  Perhaps  this  may  be  due  to  the  fact  that  the  high 
venous  pressure  prevents  the  thoracic  duct  from  emptying  itselt  properly, 
or  perhaps  because,  as  H.  M.  Evans  has  shown,  a  high  portal  pressure  causes 
the  lymphatics  of  the  intestines  to  collapse. 

On  the  other  hand,  meats  and  other  foods  containing  purin  bodies  in 
large  quantities  (sweetbreads,  lungs,  liver,  etc.,  also  coffee  and  tea,  and  alcohol 
in  all  forms)  do  distinct  harm  by  raising  the  blood-pressure  and  by  increasing 
the  \iscosity  of  the  blood  (page  60). 

The  engorgement  of  the  gastric  and  (Esophageal  veins  sometimes  leads 
to  exudation  of  blood  into  the  .stomach  and  to  vomiting  of  blood. 

Abdominal  Pain  from  Distended  Liver. — One  of  the  commonest  symp- 
toms of  failing  compensation  in  very  intense  abdominal  pain  felt  over  the 
region  of  the  liver.  This  organ  may  become  much  distended,  and,  as  shown 
by  Salaman,  may  be  expanded  until  its  blood  content  U  several  degrees  above 
the  normal.  Under  this  expansion  there  is  marked  tension  upon  the  capsule 
of  the  liver  (Glisson's  capsule)  which,  in  turn,  gives  rise  to  pain.  This  symp- 
tom is  really  so  clearly  bound  up  with  the  failure  of  compensation  itself  that  it 
subsides  with  resumption  of  the  latter,  or  after  some  time  the  capsule  of  the 
liver  will  have  l>ecome  sufficiently  stretched  and  it  will  then  cease  to  be  painful. 

Abdominal  pain  also  results  from  arteriosclerosis  of  the  gastric  and 
mesenteric  arteries,  from  vascular  crises  as  well  as  from  abnormally  great 
pulsation  of  the  abdominal  aorta. 

Catarrhal  Jaundice. — Like  the  gastric  mucosa,  the  bile  passages  undergo 
catarrhal  inflammation  from  the  venous  engorgement,  and  a  definite  catarrhal 
jaundice  may  accompany  the  failure  of  compensation.    Usually,  the  jaundice 

1  Einhom  (Berl.  Idin.  Wchnschr.,  1SS9,  xxvi.  1042)  has  found  that  absence  of  HCI  is 
oommoa  in  these  cases,  and  Hoffmann  obtains  considerable  benefit  by  administering  HCI 
to  them. 


228 


DISEASES  OF  THE  HEART  AND  AORTA. 


ia  mild  and  barely  perceptible,  the  color  being  sallow  and  icteroid  rather  than 
icteric.  The  presence  of  this  slight  icteric  hue  in  a  patient  with  heart  disease 
should  always  lead  to  the  suspicion  of  broken  compcndution  or  tricuspid 
insufficiency,  and  is  always  a  sign  of  danger. 

PSYCHIC  DISTURBANCES. 
An  anxious  expre-sion  is  so  commonly  manifested  by  patients  suffering 
from  heart  disease  that  a  certain  type  is  spoken  of  as  "the  cardiac  fades," 
This  facies  is  tliflicult  to  describe,  but  ma}^  be  said  to  l>e  characterized  by 
bright,  watery,  somewhat  staring  eyes,  wide  palpebral  slits  (without  definite 
exophthalmus  or  other  sign.s  of  Ba.sedow's  disease),  rather  tensely  held  mouth, 
and  the  rest  of  the  face  a  little  sunken,  though  not  to  the  degree  present  in 
the  ** abdominal  facies."  Many  cardiac  ctises,  perhafis  from  the  difficulty 
which  tliey  are  constantly  experiencing  in  getting  their  breath,  feel  irritable 
and  peevish  to  a  considerable  degree,  and  not  infrequently  the  onset  or  increase 
of  peevisbneas  is  an  early  sign  that  the  cardiac  condition  has  become  worse. 

DELUSIONS. 

Occasionally,  especially  in  patients  with  irregular  heart  action,  definite 
psychoses  set  in.  These  are  especially  common  during  the  night  and  early 
morning,  disappearing  again  during  the  waking  hours. 

The  patient  usually  awakens  from  his  sUx'p  unable  to  recognize  the  place  where  he  is, 
which  be  usually  locates  somewhere  else,  and  then  regards  the  tloctors,  nurees,  and  attend- 
ants as  inhabitants  of  the  more  familiar  scenes,  often  mistakenly  recognizing  them  us  people 
of  his  ticqumnliince  in  those  places.  He  usually  regards  his  confinement  in  bed  as  a  sign 
of  some  attempt  upon  his  life,  and  the  administration  of  medicine  as  a  certain  attempt  to 
jx>ison  him.  Of  this  fact  he  ia  always  certain,  although  he  may  admit  that  there  is  some 
doubt  in  his  own  mind  as  to  the  correctness  of  some  of  his  other  ideas.  For  example,  one 
delirious  patient  under  the  writer's  care  as  bouse  phj-sidan  mistook  him  for  an  old  friend 

from  home,  and  said  that  he  liked  ^and  had  great  confidence  in  him,  but  he  could  not  see 

why  did  want  to  poison  him.    But  he  would  ree(»gnize  no  other  possible  moliv'e. 

Occasionally,  when  daylight  comes  or  some  one  familiar  object  appears,  the  patient 
suddenly  recognizes  his  surroundings,  wakes  up  as  from  a  dream,  and  may  even  explain 
exactly  the  nature  of  and  reasons  for  IrLs  delusions.  Under  the  influences  of  these  delusions, 
patients  are  often  very  hard  to  manage,  but  their  attitude  is  more  commonly  a  deiensii'e 
than  an  offensive  one,  resisting  confinement  and  tre^itment,  and  nttenipling  to  leave  the 
ward  or  room  peaceably,  rather  than  showing  maniacnl  pugnaciousness  primarily.  They 
can  usuiilly  be  persuaded  by  gentle  means  to  remain  where  they  are  for  a  time,  especially 
as  their  minds  are  almost  alwaj-s  confused;  they  realize  that  they  are  not  perfectly  well, 
and  the  nurse  or  phj-sician  can  lead  the  argument  along  its  logical  conclusions  to  a  reason 
why  they  should  return  to  bed  and  to  rest  for  the  lune  being,  vUter  some  minutes'  argu- 
ment of  this  kind  the  patient  can  usurdly  he  given  a  hjix>dermic  of  morphine  and  gotten 
back  to  bed  with  much  less  injury  to  himself  than  if  forcible  nieans  were  attempted.  He 
can  then  usually  be  kept  in  bed  by  an  attendant  constantly  present. 

The  reason  for  these  delusions  is  not  verj'  certain,  but  in  some  cases 
they  may  f>e  regarded  as  "waking  dreams"  not  very  different  from  those 
of  somnambulists,  and  perhaps  hke  the  night  terrors  of  children  witli  adenoids. 
They  may  be  asphyxial  in  origin,  associated  more  or  lei=s  with  cerebral  arterio- 
sclerosis and  cerebral  anapmia,  of  which  perhaps  the  frequent  high  blood- 
pressure  may  be  another  expression.  This  delusional  insanity  is  a  bad  omen» 
and  its  onset  often  precedes  the  fatal  outcome  by  only  a  few  days  or  weeks. 
Duroziez  and  H.O.Hall  have  called  attention  to  the 
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fact  that  in  some  cases  these  delusions  may  be  due 
8  o  I  c  J  3'  to  the  digitalis  and  may  disappear  entirely  when  the  drug 
is  discontinued. 

Eisner  has  encountered  a  case  of  temporary  insanity  due  to  digitalis  in  which  the  pa- 
tient comrnittefl  murder  while  insane  from  the  use  of  the  drug.  When  the  cause  became 
known  he  was  acquitted  by  the  jur>'.' 

HALLUCINATIONS. 

Definite  hallucinations  of  sight  and  hearing  are  also  not  uncommon. 

Heiiry  Head  has  observed  that  these  are  especially  common  in  aortic  diseawe  .'ilwut 
the  time  of  twilight,  and  are  usually  quite  simple  in  character,  the  auditory  halluciiKit iousi 
consisting  in  simple  rhythmic  .sautids  (associated  with  the  heart -iK-at*?).  such  as  of  kmuking 
or  of  hells  tolling,  the  visual  hallucinations  usually  taking  the  form  of  the  f  a  c  e  o  f  a  n»  a  ri 
or  woman  seen  8tationar\'  at  the  foot  of  the  bed  or  slowly  stalking  across  the  riwm. 
Tile  face  is  ashy  white,  the  eyes  black  and  staring,  and  the  contour  invariably  indff  nite 
and  surrounded  by  a  niiiss  of  wavy  black  hair.  If  the  body  is  seen  at  all,  it  is  iwtorJy  outlined 
a.s  though  drajK-d  in  a  black  gown.  Head  found  this  halhK'inalion  quite  cmistant  and  se«n 
by  many  patientj?,  ihougli  they,  as  a  nile.  recogrized  the  halturinatory  character  and  spoke 
of  it  only  after  the  physician  had  gained  their  confidence.  Tlie  writer  has  also  elicited  tl  c 
same  answers  from  a  number  of  patients'*,  after  prefacing  the  question  by  a  statement  Uu.t 
visual  hallucinations  were  not  uncommon  in  their  disease  and  were  to  be  regarded  merely 
as  troublesome  but  not  significant  features  of  the  disease  itself.  All  who  gave  positive 
answers  accurately  described  the  hallucinatory  vision  as  above. 

Head  states  that  highly  coloreti  and  rapidly  moving  vi^<io^s  do  not 
occur  frequently  in  heart  cases,  but  the  wnriter  has  seen  one  very  marked 
exception  to  this  rule. 

Tlus  was  in  the  case  quoted  on  page  618 — a  young  railroad  engineer,  23  years  old, 
of  temperate  habit«  and  excellent  family  history,  who  had  a  very  adherent  pericardium. 
For  several  years,  especially  when  his  cardiac  condition  became  worse,  he  sutlered  from 
seeing  a  few  feet  before  him  swarms  of  large  animals,  lions,  tigers,  etc.,  all  highly  colored, 
leaping  rapidly  about.  He  recognixed  these  as  hallucinations  at  the  time,  but  stated  that 
the  sight  irritated  him  so  that  he  lost  his  self-control,  nud  lie  fx'gged  to  l>e  placed  in  solitary 
confini'fueiit  for  a  few  days  until  the  hallucinations  passed  off.  Ue  was  then  once  more  a 
perfectly  rational  Iving. 

Like  the  delusions,  these  cardiac  hallucinations  are  probably  due  either 
to  anaemia  or  venous  stasis  in  brain,  but  especially  in  the  .special  centres,  or 
in  the  retina,  middle  ear,  visual  or  auditory  centres,  giving  rise  to  rudimentary 
sensations  which  the  mind  translates  or  distorts  into  the  above-mentioned 
pictures. 

Sjnicopal  attacks  also  occur  in  some  forms  of  heart  disease  as  a  result 
of  cerebral  anaemia  and  will  be  discussed  in  detail  in  Part  III,  Chapter  XI, 
under  the  hcnid  of  Adam.s-Stokes  disease.  The  fcMi'Iing  of  faintness  and  weari- 
ness unacctunpaiiied  by  syncojie  will  be  discussed  under  "cardiac  neuroses," 
etc.  (Part  IV.  Chapter  II). 
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The  best  index  of  the  treatment  of  the  patient  is  his  own  condition, 
"sensations,  and  general  appearance.  Physical  examinations,  determination 
of  blood-pressure  and  pulse-rate,  as  well  as  of  increase  in  the  product  of 
pulse-pres.snre  by  pulse-rate  (velocity  coeffieient),  venous  tracings,  and 
gas  analysis  aid  in  the  interpretations  of  the  cxmdition,  and  particularly 
in  discovering  where  the  fault  in  the  mechanism  of  the  circulation  ht^s;  but 
the  changes  of  conditions  themselves  are  often  very  subtle  and  manifest 
themselves  in  the  general  condition  of  the  patient  before  they  can  be  detected 
on  examination. 

QUIET. 

The  most  important  element  in  the  treatment  of  cardiac  failure  is  rest 
as  complete  as  possible.  In  all  cases  of  heart  failure  or  disease  in  the  heart 
the  patient  should  be  confin<»d  to  bf*fl,  if  n<»cessary  prti]>petl  up  with  pillows, 
and  should  be  kept  there  until  the  acute  symptoms  have  subsided  and  have 
remained  quiescent  for  several  days. 

As  Morton  Prince  has  shown,  menial  excitement,  and  worry  am  impor- 
tant factors  in  bringing  about  acute  dilatalion  of  the  heart;  but  Ihcy  are  usually  contrib- 
uting factors  rather  than  sole  causes. 

The  effect  of  mental  activity  upon  the  ctreulation  is  to  bring  about  vasoconstriction, 
of  both  extremities  and  viscera,  a  slight  rise  of  blood -pressure,  and  inereaso  in  the  pulse- 
rate;  all  of  which  taken  together  considerably  increase  the  total  work  of  the  heart  (t.fl., 
roughly  Bpeaking,  the  product  of  maximal  pressure  by  pulse-rate).* 

A  go<id  night's  sleep  is  often  the  best  remedy  for  the  patient  with  a 
weak  heart,  and  almost  any  method  by  which  it  may  be  prtteurcd  may  prove 
a  good  therapeutic  procedui'e.  Small  doses  of  bromides,  if  necessary  aided 
by  a  little  trional,  veronal,  or  other  hypnotic,  often  suffice  for  this  purpase 
and  allow  the  heart  a  few  hours*  respite  in  which  the  other  therapeutic 
measures  may  have  opportunity  to  act. 

However,  it  must  be  borne  in  minil  that  in  persons  who  are  much  worried, 
mental  rest  and  absence  of  distractions  or  occu- 
pation are  not  necessarily  synonymous.  Indeed,  the 
removal  of  other  subjects  for  thought  may  serve  only  to  centre  the  patient's 
mind  upon  himself  and  his  ailments  and  may  increase  rather  than  diminish 
the  nervous  strain.  This  should  be  carefully  guarded  against.  The  daily 
routine  shviuld  therefore  lx»  accommodated  to  both  the  general  condition  and 
the  temperament  of  the  patient.  If  possible  absolute  rest  and  isolation  should 
secured  for  the  worst  cases  of  heart  failure,  but  even  for  these  patients 
a  few  minutes'  conversation  vnih  a  cheerful  friend,  whose  demeanor  is  quiet 
anil  siK)thing,  may  be  of  actual  benefit.     Reading  should  not  be  allowed  to 


*  Cannon  and  de  !a  Paa  have  shown  that  excitement  causes  a  hypersecretion  of  the 
adrenals  (Am.  J.  Physiol.,  1911,  xxviii,  64). 
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patients  in  the  worst  stages,  but  a  little  reading  of  the  lightest  and  least 
^citing  sort  may  otherwise  be  allowed. 

Rest,  Distraction,  and  Spa  Treatment. — As  Mackenzie  states,  it  is  chiefly 
due  to  the  element  of  mental  distraction  combined  with  the  Judicious 
supervision  of  a  physician  and  the  favorable  climatic  conditions,  which 
make  the  Spa  treatments  of  cardiac  disease  so  successful  j  although^  as 
he  states,  each  Spa  physician  has  evolved  some  method  of  treatment  which 
he  regards  as  of  special  benefit,  when  the  actual  benefit  has  been  due  to  the 
air  and  restf uiness  itself.  Nevertheless,  it  must  be  confessed  that  the  treat- 
ments at  Nauhcim  by  the  late  x\ugust  Schott  (page  268)  have  been  of  great 
benefit  J  and  being  founded  upon  sound  physiological  doctrines  have  been 
applicable  elsewhere  as  well.  The  physician  must  always  realize  that, 
however  little  there  may  be  in  the  Spa  treatments  ptr  se,  the  combination 
of  the  mental  rest  and  change  of  air  with  the  baths  and  dietetic  treatment 
is  one  which  tlie  i>ationt  whose  condition  warrants  a  trip,  should  not  forego. 

Rest  in  Bed. — The  bed  should  not  be  so  high  above  the  floor  as  to  make 
it  hard  to  get  in  and  out;  it  should  if  possible  have  a  meta!  frame  and  a  good 
rather  firm  mattress.  It  should  be  provided  with  a  good  back  rest  ready 
for  use  in  case  the  patient  finds  it  more  comfortable,  and  plenty  of  pillows 
should  be  available. 

In  dealing  with  cases  of  mild  cardiac  failure  it  may  be  impossible  in 
private  practice  to  compel  the  patients  to  remain  in  bed  all  the  time,  and 
then  it  may  suffice  to  insist  upon  their  lying  down  for  several  hours  a  day 
without  absolutely  remaining  in  bed.  Under  these  circumstances  the 
physician  must  in.sist  that  the  patient  remain  quiet  all  day  upon  a  sofa 
or  in  a  wheel  chair  with  legs  raised.  A  short  period  of  such  absolute  rest 
is  better  than  a  much  longer  jjeriod  of  relative  invalidism,  for  it  enables 
the  dilated  heart  to  bail  itself  out,  to  regain  its  former  dimensions  ami 
tonicity,  and  permits  the  heart-rate  to  return  to  normal.  It  is  important 
that  the  patient  should  remain  horizontal  rather  than  in  sitting  or  in  stand- 
ing posture,  since  the  latter  tends  to  slow  the  circulation  (cf,  Erlanger  and 
Hooker,  quoted  on  pa^re  37).  The  rest  should  continue  until  all  symptoms 
have  subsided,  until  canliac  distress,  pain,  and  palpitation  have  disappeared, 
and  respiration  has  again  returned  to  normal.  If  possible  the  subsidence 
of  tachycardia  or  iri-egularity  of  the  pulse  should  be  awaited;  but  these  may 
persist  for  some  time  even  in  spite  of  the  improvement  in  the  patient's 
general  con<lition,  and  may  have  to  be  disregarded.  After  the  symptoms 
have  subsided  (in  severe  cases  after  the  symptoms  have  remained  quies- 
cent for  a  few  ilays),  the  patient  may  be  allowed  to  get  out  of  bed  and  sit 
up  in  an  arm  chair  or  wheel  chair  for  a  little  while.  At  first  this  period 
shouhi  be  very  short,  to  avoid  exhaustion,  but  it  may  be  gradually  increased 
and  he  may  soon  be  allowed  to  walk.  (For  exercises  to  be  taken  by  patient 
with  cardiac  disease  see  page  284.) 


COLD    APPLICATIONS   OVER   THE    HEART. 

The  application  of  cold  to  the  preeordium  is  of  value  both  for  the 
cardiac  symptoms  (palpitation  and  pain)  on  the  one  hand,  and  for  diminu- 
tion of  the  heart-rate  on  the  other.   This  may  be  carried  out  by  the  applica- 
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tion  of  a  simple  ice-bag  (especially  containing  a  mixture  of  ice  and  8alU 
which  may  be  kept  in  dose  application  to  the  skin  by  tying  it  around  the 
chest  and  shoulders  with  a  strong  elastic  four-tailed  bandage.  The  ice-bag 
should  be  changed  every  hour  or  two  in  order  to  keep  up  an  intense  cooling.' 

In  hospital  use  or  in  well-eupplied  houses  the  use  of  the  ranliac  tube  is  moat  Baiisfac- 
tor>'.  Thif;  cousisi*  of  a  coil  of  thin-wallet!  nibber  or  aluminum  tube  applieil  over  a  wet 
compress  to  the  precordium.  A  stream  of  coUi  water  from  a  cooler  is  kept  flowing  slowly 
tlirrjuph  the  tul>e.  The  cooling  of  the  skin  tLus  obtaineii  is  exf-eilent  and  without  any 
discomfort  «^i  the  jxitient.  lis  effects  have  been  tested  Ixith  clinically  and  experimentally 
by  \Vinr*raitz  and  da  SiJva. 

These  observers  found  that  the  application  of  col«l  to  the  preconlium  brought  al>out 
in  dojrs  a  cooling  of  lx»th  the  anterior  and  iRisterior  surfaeej<  of  the  pericardium,  ainount- 
iuR  to  1"-')".  and  was  accompanie*!  by  a  .^lowing  of  the  pulse  and  rise  of  bkxid-pressure 
from  12d  to  190  mm.  Ug.  In  man  the  puL^-rute  tUd  not  Iwjpn  to  fall  for  lifteeti  miuuU*3 
after  thi-  application,  and  reached  lis  hoij;ht  within  an  hour.  lat*tiug  in  turn  aliout  an  hour 
after  removal  of  the  cold.  In  nonnal  in<lividuaLs  they  found  the  pulae-rate  fulling  from 
72  to  (VI,  (>H  to  52,  7S  to  t>S;  in  other  cases,  chlorosis  84  to  72.  ]>ericarditis  S4  to  7S.  mitral 
stenosis  00  to  4(*.  Simmhaneou.sly  the  blood-preaeure  rises  ancj  the  pube  inei-eaj*eH  in  vol- 
lune.  Tliere  is  evidently  iwth  a  reflex  vasocouBtriction  from  stiniylation  of  the  vasomotor 
centre  and  a  reflex  siimulalion  of  the  vajfus.  Besides  this,  da  Silva  thinks  that  there  is  a 
direct  sfimidatum  of  th*»  heart  muscle.  It  will  Iw?  noted  that  these  effeet.s  are  exactly  those 
brought  about  by  digitali.'«,  and  hence  enthusiastic  hydrotherapixtd  are  in  the  hubit  of 
speaking  of  the   ice-bag   an    "physiotogical  digitalis." 

Its  use  is  attended  with  less  danger,  but  in  cases  of  extreme 
fibrous  or  fatty  degeneration  of  the  heart,  cyanosis 
and  collapse  occasionally  occur.  Hence  it  .should  be  ap- 
plied very  mildly  in  cases  where  these  conditions  are  suspected, 

Tliere  can  be  no  doubt  that  the  ice  application  is  not  as  efficient  as  the  use  of  digitalis 
in  slowing  and  strengthening  the  heart,  but  when  the  two  are  vigorously  used  at  the  same 
time  tliey  may  greatly  reinforce  one  another,  and  the  vigorous  use  of  a,  good  ice-bag  may 
enable  satisfactory  effects  to  be  obtaineii  with  smaller  doses  of  digitalis  than  would  other- 
wise suffice- 

VENE,SECTION. 

When  the  patient  is  in  very  bad  condition,  deeply  cyanotic,  and  rest- 
less or  nervous,  and  the  area  of  cardiac  dulnesa  is  increased  to  the  right, 
a  free  venesection  will  often  bring  the  greatest  relief.- 

Technk  of  Venesection.  —  Venesection  is  best  performed  in  the  following  manner: 
The  skin  over  the  flexor  surface  of  the  el1>ow-joint  is  scrubbed  with  green  wiap  and  washed 
with  warm  water,  then  with  alct)hol,  niaJ  liLstly  with  1-2000  bichloride  solution.  An  ela.slic 
or  gauze  bandage  is  tie<l  alK>ut  the  upp.-r  arm  tightly  enough  to  cause  the  veins  to  stand  out 
but  not  In  obliterate  the  pulse  at  the  wrist.  The  largest  vein  v-isible  (usually  the  median 
cephalic)  is  selecte<l  and  a  small  slit  in  the  skin  ju«l  alongside  of  (not  over)  the  vein  is  made 
with  a  eur\'etl  bi:?tour\-,  svhioh  ii*  then  pushi^i  in  through  the  slit  in  the  .«kin  and  under  the 
vein.  It  is  the>i  twisted  so  that  (he  edge  is  turned  upwanl  towards  the  .skin  against  the 
vein  and  tlie  vein  cut  through  without  again  piercing  tlie  skin.  A  very  free  flow  of  bloo«l 
Ls  obtained,  especially  l>y  keeping  the  arm  defiendent  an<l  if  the  patient  is  made  t+»  clench 
and  open  his  hands  rapitlly.  From  300  to  12(X)  c.c.  (12  oimces  to  2J  pints)  can  thus  be 
removed  in  leas  than  twenty  minutes,  usually  with  great  relief  to  the  patient.     Breathing 

'  When  a  mixture  of  ice  and  salt  is  used  it  is  possible  to  actually  freeze  the  skin,  an 
accident  which  mtist  he  carefully  avoided. 

*The  haemoglobin  should  always  be  tested  before  performing  a  venesection;  and  it 
chotild  not,  as  a  rule,  be  perfomied  if  the  haeraoglobin  is  below  70  per  cent. 
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becomes  easier,  the  head  clearer,  and  ihe  general  condition  l>eller.  but  the  crucial  point  is 
reached  wlien  the  co'or  changes  utid  the  cyanosis  gives  way  to  a  healthy  rosy  color  in  tlie 
lips  ami  elsewhere.  Thia  indicates  that  the  overstrained  heart  has  been  unbun.lened,  and 
the  bleeding  need  not  \>e  j>U8heii  much  further.  Indeed  it  should  not  be,  for  to  cause  an 
anaemia  is  dangerous.     All  that  is  desired  is  to  relieve  the  distention  of  the  right  heart.  l 


5«c?/ 


^^«w^£ 


Fio.  126. —  Iniiertioii  of  ilie  knife  iu  veues^liou.     A.   L^ticral  view.     H.  Cros*  Mction  of  ftrm. 

Effect  of  Venesection  on  the  Circulation. — The  vaSue  of  venesection  can  often  be  seen  ' 
In  experiments  npiori  animals.  It  is  not  at  all  uncommon  to  find  a  heart  failing  and  an 
auricle  already  paralysed  from  overdistentiojj,  iij  which  u  free  venesection  gives*  immetiiute 
relief,  and  the  auricle  as  well  as  the  ventricle  resumes  forcible  contractions.  The  effect  of 
this  proce<lure  upon  the  blood -pressure  is  variable  and  depends  to  a  certain  extent  upon 
the  phenomena  present  before  the  venesection. 


Before  VeDeveelioo. 


Blood- pnscure. 


1.  Normal  or  elevated 


2.  High 


3.  Low  or  normal 


Heart  distended  but  circulation 
still  auflicieiit 

Circulation  slowe{i,  X'asocon- 
fitriction  through  Pfimulatiori 
of  mc^lulla  by  excess  of  CC^ 
in  the  blood 

Circulation  slowed;  heart  fail- 
ing. Unable  to  keep  up  cir- 
cululion  thntugh  mediiJla  in 
ppite  of  vuHoconatriction 


Aft«r  VenMection. 


Fall  of  blood-pressure  from  emp- 
tying of  vujsctilar  system  and 
diminished  viscosity  of  blood.' 

Fall  of  blood-pressure;  occasion- 
ally compensated  by  increased 
force  of  heart -beat  and  dimin- 
ished viscosity  of  blood. 

BkKjd-pressure  rises  on  account 
of  marked  increase  in  force  of 
heuri-lx^at  in  spite  of  empty- 
ing of  vascular  system  and  of 
relaxation  of  peripheral  vessels. 


I 


Quite  independently  of  these  changes  the  right  border  of  cardiac  dui- 
ness  recede*!  one  or  more  centimetres  toward  the  Btemum,  the  venous  prcasui^ 
should  fiiil,  and  the  general  conditii>n  should  improve  (cf.  Fig.  1*27  and  case  on  pa^  329). 

Contraindications  to  Venesection.— However,  it  must  \ye  borne  in  mind 
that  venesection  can  do  harm  as  well  as  good,    dishing  has  shown  that  iafl 
conditions  with  increased  iiitrat-ranial  tension,  among  them  apoplexy,  the      i 

'  Heubner  hiif<  shown  (hat  two-thirds  of  the  Wscostty  of  the  bloo«l  is  due  to  the  cor- 
puscles, hence  venesection  cannot  fail  to  reduce  the  viiicositv. 


TREATMENT  OF  FATLFRE   OF  THE   HEART. 


235 


high  blood-pressure  is  a  phenomenon  of  physiological  compensation,  which 
is  necessary  in  order  to  maintain  the  eirculation  through  the  medulla.  In 
eoinlitions  with  long-continued  high  blood-pressure,  especially  chronic 
nephritis,  this  may  also  be  the  case.  In  these  conditions  venesection  with 
a  view  to  lowering  the  arterial 
pressure  is  contrjun<licat/ed;  but 
in  these,  as  in  other  conditions, 
it  is  still  the  procedure  of  choice 
to  relieve  pulmonary  cedema  or 
acute  dilatation  of  the  right  heart. 
The  venesection  should  be  carried 
only  to  the  point  of  relieving  the 
venous  stasis,  not  to  that  of  low- 
ering the  arterial  pressure.' 


Fia.  127. — Effect  of  vcinefiMvtinn  on  Uie  cardinc  out- 
line, showing  diminution  in  ntc  of  right  heart.  (C!a»© 
of  G.  O.)  SoUil  line  inJiratev  cardiac  outline  before 
vedeHection.  broken  line  after  veneecctioa. 


DIET. 

Rest  for  the  gastro-intestinal 
tract  is  quite  as  important  for 
the  heart  as  is  rest  for  the  mus- 
cles. Erlanger  and  Hooker  have 
shown  that  *'  an  increase  in  pulse- 
pre.ssure  Iweomes  manifest  within 
a  few  minutes  after  the  beginning  of  the  meal,  reaches  its  maximum  within 
one  or  two  hours,  and,  as  a  rule,  declines  somewhat  more  slowly.  It  seems 
to  pass  off  within  one  or  two  hours  aft«r  the  maximum  has  been  reached. 
The  pulse-rate  is  always  distinctly  increased  with  the  ingestion  of  meals. 

....  The  product  P.  P.  X 
P.  R.,  representing  the  velocity, 
follows  the  curve  of  the  pulse- 
pre.ssure,"  hence  the  velocity 
of  flow  and  the  work  of  the 
heart  are  increased.  Accord- 
ingly, the  diet  should  be  light, 
just  enough  to  keep  the  patient 
nourished  without  ever  giving 
hiitn  a  sense  of  fulness  or  to 
allow  gas  to  form  in  the  stom- 
ach and  intestines.  Distention 
of  the  stomach  pushes  up  the 
diaphragm  and  causes  the 
heart  to  lie  more  transversely 
in  the  thorax,  cmbarnussing 
its  action,  causing  a  diminution  in  the  systolic  output  and  an  increase 
in  the  pulse-rate.  Not  infrequently  this  is  also  associated  with  onset 
of  precordial  pain  and  constriction.  Accordingly  a  very  light  diet 
is  necessary  for  the  patient  suffering  from  heart  failure.     The  lacto- 

'  V.  Tabora  (V'erhandl.  d.  Konir.  f.  innciP  Mini.,  lEMtn.  xxat,  3S2)  finds  that  venous  stasia 
can  be  relieved  by  placing  tourniqufia  about  botU  arms  and  both  Icfsa  as  well  ua  by  vcntweclion. 


BEFORE  VENESEH'tON 

.^l-TER  VENICSECTION 
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Fia.  128. — Typical  rffect  of  venesection  upon  the  circu- 
(ation.    Arrown  indicate  change  in  bloo<i-pres«»ure. 
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cereal  diet  is  the  best,  consisting  mainly  of  milk,  eggs,  custards,  junket, 
toast,  zweibaek.  an<l  cracktTS.  The  numerous  ]>repared  cereal  foods  conlaia 
large  amounts  of  bran  and  other  substances  which  leave  bulky  fecal  residues. 
If  given  in  large  quantities,  they  keep  the  bowels  full,  push  up  the  diaphragm, 
and  thus  embarrass  the  work  of  the  heart,  though  in  some  persons  this  is 
counterbalanced  by  their  purgative  action.  Meat  should  Ix'  given  sparingly, 
partly  because  the  purin  bodies  (xanthin,  h\TK)-xanthin)  tend  to  raise  the 
blood-pressure  and  increase  the  work  of  the  heart,  and  more  particularly 
because  the  meat  fibres  are  relatively  slow  in  digestion.  For  tliis  reason  it 
is  better  to  take  the  proteid  ftrod  in  the  forma  mentionetl  above.  Finely 
hashed  Hamburg  steak,  lamb  chops,  or  chicken  are  the  best  forms  of  meat. 

Liquid  and  Salt. — L  i  q  u  i  d  s  should  be  limited  to  1  .lOO  c.c.  (three 
pints)  a  {lay  in  eases  where  oedema  is  present,  since  an  excess  of  liquid 
ingested  causes  further  accumulation  of  <edema  as  well  as  bringing  on  & 
slight  overfilling  of  the  blood-vessels,  and  thereby  increasing  the  Avork  of 
the  heart. 

Salt  should  also  be  withheld  from  the  food  as  far  as  possible,  since 
Widal  and  Javal,  Strauss  and  Hiehter  have  shown  that  it  is  a  contributing 
factor  in  the  production  of  oedema,  and  Bari^  reports  good  results  from  the 
diminution  of  XaCl  in  the  diet  in  diseases  of  the  circulation. 

Barie  recommends  the  following  articles  as  a  basis  for  a  diet  low  in 
sodium  chloride:  Type  I — Unsalted  bread  500  Gm.  (ISoz.),  raw  meat  400 
Cm.  (14  oz.),  butter  80  Gm.  (2i  oz.),  sugar  100  Gm.  (3^  oz.).  Type  II— Pota- 
toes 1000  Gm.  (32  oz.),  raw  meat  400  Gm.  (14  oz.),  butter  SOGm.  (2i  oa.). 
sugar  150  Gm,  (a  oz.). 

Sample  Diet, — An  excellent  diet  for  severe  heart  cases,  which  may  at 
least  serve  as  a  basis  for  other  variations,  is  the  following,  slightly  modified 
from  that  used  for  cardiac  cases  in  the  wards  of  the  Johns  Hopkins  Hospital: 

8  A.M.  Cereal,  soft  egg,  toast,  milk  200  Gm.  (vi  o».). 

10  A.M.  Milk  200  c.c,  (vi  oz,),  soft  egg,  crackers. 
Dinner  (noon).  Soup,  chicken,  potatoes. 

4  P.M.   Milk  200  c.c.  (vi  oz.). 
Supper,  6  p.m.  Milk  200  c.c.  (vi  oz.),  soft  egg,  crackers,  prunes." | 

9  P.M.  Milk  200  c.c.  (vi  oz.),  bread. 

Karell's  Milk  Diet. — In  cases  of  broken  compensation  with  extreme 
oedema  great  success  bis  sometimes  Ijeen  attained  by  limiting  the  diet  to  M 
600  to  SOO  c.c.  of  milk  in  24  hours  (Karell,  Hoffmann,  Jacob  and  Hirsch-  ™ 
feld),  even  in  cases  in  which  all  other  therapeutic  measures  have  failed. 
Professor  Barker  has  occasionally  obtained  excellent  results  by  inci-easing  M 
the  proteid  intake  upon  this  diet  through  the  addition  of  nutrose  to  the  I 
milk.     However,  striking  results  with  this  method  are  by  no  means  the 
rule,  and  it  is  to  be  usetl  with  caution.  ^ 

Alcohol. — A  very  little  alcohol,  either  as  wine,  or  as  brandy  or  whiskey^fl 
may  be  allowed  to  persona  accustomed  to  its  use.     Beer  is  less  advisable, 


*  It  ts  important  tn  avoid  piWng  stewed  fruits  which  contain  mucli  acid,  such  as  peacbea 
and  aprtcotsi.  ulonje  with  the  milk,  as  the  <iigestioii  uf  pattetU*  with  btxiken  compensation 
IE  very  easily  disturbed,  and  an  attack  of  vomit  ing  places  a  considerable  (strain  on  the 
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since  it  carries  \sath  it  large  quantities  of  liquid  and  often  disturbs  the 
digestion  as  well,  whereas,  wine,  whiskey,  or  brandy  in  small  quantities 
improves  it.  Against  this  is  balaneeti  the  deleterious  effect  of  alcohol  upon 
the  lieart  muscle.  Large  quantities  tend  to  produce  fatty  degeneration  of 
the  latter.  Whether  small  i]uantitips  have  any  such  effect  in  the  individual 
case  is  uncertain,  l)ut  it  must  be  liorne  in  mind  that  the  injiii-etl  organ  is 
much  more  susceptible  to  deleterious  inHuences  than  is  the  healthy  organ. 
It  is  a  safe  rule  that,  in  persons  not  already  adiiicted  to  its  use,  brandy  or 
whiskey  be  given  only  in  doses  which  serve  as  carminatives,  and  not  in 
doses  intended  for  stimulation.  Even  the  psychic  effect  may  often  be 
secured  as  well  by  small  doses  as  by  large  ones.  One  point  in  favor  of  alco- 
hol in  man  as  against  animal  experimentation  lies  in  the  fact  that  in  such 
persons  it  greatly  increases  the  sense  of  well  being  and  removes  p.sychic 
depression  and  worry.  The  latter  may  be  especially  straining  upon  the 
heart,  and  hence  every  effort  should  he  made  use  of  to  ward  it  off,  especially 
during  certain  crises;  but  ii  should  be  bftrue  in  mind  that  the  patient  may 
easily  become  depenilent  upon  the  drink  to  arou.se  his  spirits  and  in  this 
vState  more  harm  than  good  is  done.  The  greatest  judgment  should  be  tiscd 
in  the  administration  of  alcohol  even  in  small  quantities,  and  it  should  even 
then  bo  reserved  for  crises  when  the  stimulation  of  every  fibre  is  all-impor- 
tant. On  the  other  hand,  alcohol  should  never  be  withdrawn  suddenly  froui 
persons  addietcit  to  its  use,  since  this  procedure  often  precipitates  an  attack 
of  delirium  tremens,  but  moderate  doses  (whiskey  15  c.c.  or  k  oz.  every 
four  hours)  should  be  given. 

Tea  and  Coffee. — Whether  tea  and  coffee  should  be  given  depends 
largely  upon  the  patient.  In  some  persons  these  cause  marked  general 
nervousness,  sleeplessness,  tremor,  and  even  palpitation  and  irregularity;* 
others  have  established  a  tolerance  such  that  no  effect  at  all  is  produced. 
The  caffein  itself  is  an  excellent  cardiac  tonic  of  the  digitaihs  order,  and 
where  its  effects  on  the  nervous  system  are  not  manifest  it  niay  prove  an 
excellent  adjuvant  to  the  treatment.  (A  cup  of  coffee  or  of  strong  tea  contains 
about  0.1-0.2  Gm.,  IJ^  to  3  gr.;  the  pharmacological  dose  of  pure  caffein 
l>eing  0.05  to  0.25  Gm.)  As  a  rule  it  is  safer  to  remove  them  from  diet,  but 
in  this  as  in  all  other  rules  individual  exceptions  can  he  made. 

Tobacco  should  not  be  used  under  any  circumstances.  Besides  the  ner- 
vous symptoms,  it  produces  vasoconstriction,  and  often  irregularities,  palpita- 
tion, and  even  precordial  pain.  Hence  it  is  particularly  to  be  avoided  in 
cases  of  cardiac  disease. 

PURGATION. 

In  patients  with  cardiac  disease,  and  especially  in  those  with  broken 
compensation,  the  question  of  purgation  assumes  unusual  importance.  In 
these  patients  purgation  seems  to  have  a  tlireefold  beneficial  action;  first, 
by  eliminating  the  products  of  waste  and  putrefaction,  to  which  they  are 
particularly  sensitive;  secondly,  by  relieving  the  distention  of  the  bowels 
from  gas  which  tends  to  push  up  the  diaphragm  and  to  embarrass  the  heart 
by  placing  it  in  a  more  transverse  position;  and  thirdly,  by  removing  fluid 
from  the  body  through  the  bowels.     This  last  effect  is  probably  of  con- 

^  Coffee  from  which  the  c^ein  has  been  removed  may  be  used  with  impunity. 
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siderable  importance,  since  Askanasy,  Kast,  and  others  have  shown  that 
broken  comiJcnsation  is  accompanied  by  hydncmic  plethora.  Hydra>mic 
plethora  causes  a  rise  in  venous  [jressure  and  a  dilatation  of  the  heart  (Roy 
and  Adanii,  Cameron),  thus  embarrassing  the  circulation.  Moreover,  in 
broken  systemic  compensation  the  venous  stasis  also  affects  the  kidneys 
and  diminiishes  the  excretion  of  fluid,  so  that  the  bowel  becomes  an  impor- 
tant acces.sory  channel  of  elimination.  It  is  therefore  the  hydragogue 
purgatives  which  are  iiidirated  in  canliac  failure  and  not  merely  the  pur- 
gatives which  increase  peristalsis. 

In  most  cases  the  best  method  of  procedure  is  to  start  movement  of  the 
bowels  with  calomel  in  cither  large  single  doses  (0.3-0.6  Gm.,  grs.  v-.\)  or  in 
smidl  divided  doses  (.000  CJm.,  gr.  I'ff  half-hourly).  The  dose  of  calomel 
should  always  l.>e  accompanied  by  a  small  dose  of  bicarbonate  of  soda 
(0.3-0.6  Gm.,  gr.  v-x)  to  avoid  disturbing  the  digestion.  Still  more  certain 
purgation  is  obtained  by  giving  a  single  tlose  of  calomel  anil  rhubarb  in 
equal  quantities  (0,3  Gm.,  gr.  v),  given  at  night.  In  all  east\s  the  calomel 
should  be  followed  by  a  saline  purgative  the  next  morning.  Epsom  salt 
or  some  aperient  water  is  preferable  to  Seirilitz  powders  or  effervescent 
citrate  of  magnesia,  partly  becau.se  of  the  action  of  the  organic  acids  upon 
the  residium  of  calomel,  but  chiefly  because  the  carbonic  acid  in  the  drug 
distends  the  bowels  and  pushes  up  the  diaphragm,  thus  Gnibarra.ssing  the 
action  of  the  heart.  Hitwcver,  Epsom  salts  and  aperient  waters  sometimes 
cause  nausea,  and  in  such  causes  the  advantages  gained  from  the  mildne.ss  of 
the  SeidlitK  pow^der  may  outweigh  its  deleterious  effects. 

After  constipation  has  been  overcome  purgation  with  salines  should  be 
eontinuefl  vignruusly  until  the  ixdema  has  completely  disappeared.  Just 
how  vigorously  this  purgation  should  be  maintained  is  a  matter  of  some 
dispute.  Some  clinicians,  who  regard  presence  of  fluid  as  the  most  dele- 
terious factor,  believe  that  the  best  results  are  obtained  with  ten  to  fifteen 
fluid  stools  in  twenty-four  hours,  with  the  elimination  of  two  or  three  litres 
by  the  bowel.  As  the  result  of  these  strains  upon  the  heart,  sudden  death  at 
stool  is  by  no  means  uncommon,  especially  in  cases  of  aortic  insufficiency  and 
coronary  sclerosis.  Extreme  purgation  and  other  strains  should  be  avoided 
when  possible.  The  amount  of  effort  at  stool  and  the  strain  upon  the  patient 
may  be  materially  h^ssened  by  the  use  of  a  commode  instead  of  a  l>edpan. 
In  private  houses  an  extemporized  conmujde  may  Ije  made  by  removing  the 
seat  from  a  cane-bottomet!  chair,  sulistituting  a  piece  of  wood  or  cardboard 
covered  with  oil  cloth,  with  a  suitable  hole,  and  ]>lacing  the  vessel  l>elow, 

Mr.  W.  E,  Dandy  has  shown  that  the  rise  of  arterial  pressure  during 
the  act  of  defecation  is  from  30  to  50  mm.  Hg,  and  Mr.  C.  C.  C'ody  has  found 
a  corresponding  rise  in  the  venous  pressure.  These  obser\"ations  are  sup- 
ported by  the  fact,  as  stated  al>ove,  that  sudden  death  at  stool  is  by  no 
means  uncommon  in  cases  of  cardiac  disease,  especially  in  cases  of  aortic 
insufficiency,  and  occurs  even  when  the  movements  have  been  kept  soft 
b.y  tlaily  purgation   with   salt.'*. 

In  this,  as  in  most  i>ther  therapeutic  procedures,  extreme  measures 
are  to  be  avoitleil  atul  treatment  shouUl  h(*  rlirected  to  secure  a  few  easy 
bowel  movements  \vith(jut  too  much  disturbance  to  the  patient.  In  many 
cases  one  or  two  comi>ound  cathartic  pills  (colocynth,  jalap,  gamboge,  and 


i- 


^ 


^ 


TREATMENT  OF  FAILURE  OF  THE  HEART.  239 

calomel)  at  night  and  a  dose  of  Epsom  salts  or  aperient  water  in  the  morn- 
ing maintain  just  the  correct  niuiiljiT  and  quality  ot  stools.  Compound 
jalap  or  compound  licorice  powders  are  also  useful  from  time  to  time.  In 
stubborn  cases  elaterium  or  a  drop  of  croton  oil  may  be  resorted  to,  but 
should  be  used  with  extreme  caution. 

On  the  other  hand,  cascara,  aloes,  strychnine,  belladonna,  castor  oil, 
phcnolphthalein,  and  the  other  purgatives  which  purge  by  increasing  peri- 
stalsis, are  of  less  value  in  the  stage  of  broken  comjiensation,  since  they  do 
not  deplete  the  portal  system  nor  relieve  the  hydremia,  though  they  are 
satisfactory  enough  when  compensation  has  been  reestablished. 

MASSAOE. 

Massage  of  the  muscles  brings  about  a  dilatation  of  their  capillaries  and 
thus  lowers  the  resistance  through  this  part  of  the  circulation. 

In  this  respect  the  effect  is  similar  to  that  of  exercise,  but,  as  very  much 
less  CO2  is  given  off,  tine  velocity  of  the  blo<id  strain  does  not  have  to  be  in- 
creased. The  blood-pressure  falls  and,  in  contrast  to  the  effect  of  exercise, 
the  strain  upon  the  heart  is  diminished. 

It  is,  therefore,  not  surprising  that  in  most  patients  suffering  from  poorly 
compensatetl  cardiac  disease,  massage  of  the  limbs  should  furnish  considerable 
relief.  When  the  heart  is  not  too  severely  weakened,  the  effect  up»in  the 
circulation  of  lymph  also  facilitates  the  al>sor]>tion  of  OGdema. 

Massage  of  the  abdomen  alone  has  been  recommended  by  Cautru  and 
Studzinski,  and  the  latter  has  reported  excellent  results  in  twenty-two  cases. 
The  treatment  was  usually  accompanied  by  fall  of  blood-pressure,  owing  to  the 
dilatation  of  the  abdominal  vessels.  Besides  this  effect,  however,  abdominal 
massiige  also  tends  to  prevent  constipation  and  to  dispel  accumulations  of 
gas,  both  of  which  effects  furnish  considerable  relief  for  the  cardiac  condition. 

Vibration  of  the  Precordium. — Besides  these  more  general  forms  of  mas- 
sage, Zai>ludowski,  Selig,  and  Rimbach  state  that  considerable  benefit  may 
be  obtained  for  precordial  pains,  mild  angina  pectoris,  and  other  sensory 
disturbances  alwut  the  heart,  by  gentle  vibratory  massage  or  mechanical 
\ibration  over  the  precordium.  The  vibrations  should  be  carried  out  either 
with  the  balls  of  all  four  fingers  of  the  right  hand  or  with  the  soft  pad  of  the 
mechanical  vibrator,  and  should  be  begun  under  gentle  pressure  well  out  in 
the  lower  left  axilla,  gradually  passing  upward  and  inward  over  the  precordium 
until  the  entire  cardio-aortic  area  has  been  covered. 

Selig  and  Rimbach  have  matle  use  of  this  method  in  cases  of  dilatation 
of  the  heart,  which  they  studied  by  means  of  the  orthudiagraj>h.  In  these 
cases  they  claim  to  have  obtained  not  only  relief  of  the  subjective  symptoms 
but  actual  diminution  of  the  dilatation  as  the  result  of  the  vibratory  massage. 

Rimbach  states  tliat  his  observations  were  controlled  by  Dr.  Bassenge 
and  Prof.  Bteyrer,  but  the  results  of  &  greater  number  of  cases  must  be  awaited 
before  this  effect  upon  cardiac  dilatation  can  be  regarded  as  general. 

ELECTRICITY. 

Faradization  of  the  precordium  and  left  arm,  and  particularly  the  use 
of  sinusoidal  currents  over  these  areas,  may  be  considered  as  a  form  of 
counterirritation  which  may  prove  very  efficient  in  relieving  precordial  pain 
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and  diacomfort;  but  care  should  be  taken  not  to  use  currents  of  so  great 
a  severity  as  to  produce  rt-a!  pain. 

A  somewhat  different  effect  is  that  secured  by  Prof.  J,  O.Hirschf elder  in 
patients  of  angina  pectoris  (see  page  395)  by  applying  the  galvanic  current 
with  a  large  anoilal  pad  (4  cm.  in  diameter)  over  the  vagus  in  the  neck  and 
a  large  cathode  (6-12  cm,  in  diameter)  over  the  precordium.  He  recommends 
gradually  increasing  the  current  to  20  milliamperes  for  five  minutes,  changing 
tile  anode  to  the  other  side  of  the  neck  and  repeating.  The  relief  obtained 
under  this  treatment  warrants  its  further  trial. 

High-frequency  Currents  (d ' Arson valisat ion). — Many  i-vTiters,  especially 
of  the  French  school,  incline  to  the  use  of  liigh-frequency  currents  (d'Arson- 
valj,  especially  in  cases  of  arteriosclerosis,  Raynaud's  disease,  and  otlier  con- 
diti<jns  involving  the  peripheral  circulation.  It  seems  to  bring  about  dilata- 
tion of  the  periphtTul  vessels  and  fall  of  blood-pressure,  as  has  been  reported 
by  Zimmern  and  RifTaut. 

Marqvie  has  reported  excellent  results  in  a  very  stubborn  case  of  Ray- 
naud's tliscase  treated  by  high-frerpiency  currents  over  the  lower  cervical 
and  upper  thoracic  vertebrae,  and  Zimmern  ant!  Hiffaut  claim  a  beneficial 
effect  upon  the  circulation  in  endarteritis  obliterans. 

Except  in  Raynaud's  disease,  in  which  the  effects  upon  the  spinal  centres 
and  ganglia  are  to  be  considered,  there  seems  to  be  no  reason  for  regarding 
it  as  very  different  from  other  means  of  securing  intense  dilatation  of  the 
cutaneous  vessels. 

SURGICAL  MEASURES   FOR   THE   BELIEF  OF   HEART  FAILURE. 

For  patients  whose  hearts  are  beating  bo  heavily  against  the  chest  wall 
that  this  factor  alone  seemed  materially  to  increase  the  work  of  the  heart, 
Alexander  Morison,  in  1897,  advised  cutting  the  ribs  over  the  heart,  and  thus 
allowing  the  organ  free  movement.  This  operation  was  carried  out  at  his 
suggestion  in  1908  uiK>n  a  patient  with  aortic  insufficiency,  who  obtained 
thereby  cousideralile  relief  from  palpitation  and  })recordial  pain. 

The  same  operation  (cardiolysis)  was  devised  independently  !>y  Brauer, 
in  1904,  for  the  relief  of  pericardial  adhesions,  in  which  it  has  been  employed 
with  great  success  (see  page  (i20). 

G.  A.  Gibson  has  also  fouml  some  relief  following  thoracostomy  in  a 
patient  with  mitral  stenosis  and  adhesions  between  the  outer  layer  of  peri- 
cardium and  the  chest  wall  Imt  not  involving  the  pericardial  cavity  itself. 

The  second  operation  might  also  be  performed  in  cases  of  extreme  flat- 
ness or  narnmTiess  of  the  chest  (oppressio  corf  lis,  cf.  i>age  (i98),  provided  the 
heart  was  so  cramped  as  to  give  rise  to  symptoms  of  severe  cardiac  weakness 
that  could  not  be  relieved  by  other  means. 

The  results  thus  far  from  thoracostomy  are  sufficiently  good  to  justify 
its  use  for  the  relief  of  costapericardial  adhesions  (see  page  620),  but  in  other 
forms  of  cardiac  failure  it  should  be  resorted  to  only  after  unusual  considera- 
tion of  all  factors. 

INHALATION  OF  OXYGEN. 

Leonard  Hill  and  Flack  have  shown  that  inhalations  of  oxygen  greatly 
increase  the  endurance  of  men  and  animals  when  performing  muscular  work. 
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This  applies,  however,  only  when  the  work  reaches  the  point  of  strain.  For 
exaniple,  he  found  tliat  it  had  no  effect  in  increasin]^  the  speed  of  race-horses 
running  on  a  level  track,  whereas  ordinary  work-horses  pulled  a  load  uphill, 
when  fatip:ued  and  then  given  an  inhalation  of  oxygen,  more  rapidly  and  with 
less  exertion  than  they  had  done  when  fresh  to  the  task. 

Similarly,  little  effect  was  noticed  upon  the  ability  of  athletes  to  perform 
the  exercises  to  which  they  had  been  trained;  but,  on  the  other  hand,  the 
endurance  of  untrained  men  was  greatly  increased.  The  effect  of  oxygen 
inhalations,  even  on  a  trained  man  working  to  the  full  limit  of  his  endunince, 
was  tested  by  Flack  upon  Wolffe,  the  English  Channel  swimmer.  Flack 
accompanied  the  swimmer  in  a  small  boat.  When  he  became  fatigued  and 
atx>ut  te»  give  up  the  effort,  Flack  allowed  him  to  inhale  oxygen  occasionally, 
with  the  result  that  from  a  condition  of  exhaustion  he  was  able  to  swim  for 
several  hours  further  without  dyspnoea  or  cardiac  distress. 

Mackenzie  has  made  use  of  this  method  in  the  treatment  of  cardiac 
disease,  an{l  has  found  that  in  some  cases  it  gives  a  cert^iin  amount  of  relief^ 
especially  for  restless  nights;  though  tlu^  relief  was  neither  as  great  nor  as 
universal  as  he  had  anticipated.  Sir  Clifford  Allbutt  and  Herz  have  also  used 
it  with  good  results. 

Mackenzie  makes  use  of  Hill  and  Flack's  method  of  inhaling  the  con- 
centrated oxygen  from  under  a  mask,  which  can  be  made  extemporaneously 
by  inserting  the  patient's  head  into  a  lady's  hat-box.  cutting  out  one  side  so 
as  to  fit  around  the  neck,  A  more  convenient  mask  may  be  made  from  a 
piece  of  Ught  mackintosh,  near  one  margin  of  which  a  piece  six  inches  square 
is  cut  out  and  replaced  In"  gluing  on  a  piece  of  transparent  celluloid  to  cover 
the  face.  This  margin  of  the  mackintosh  is  held  tightly  around  the  head 
with  a«  elastic  band,  while  the  lower  Iwrder  is  slightly  packed  around  the  neck. 
The  oxj'gen  is  led  into  it  through  a  rubber  tube.  The  writer,  however,  pre- 
fers to  use  a  simple  fomitain  syringe  as  an  inhaler,  allowing  the  patient  to 
place  the  funnel  end  of  the  sjTinge  over  his  mouth  imd  nose  while  the  rubber 
tube  of  the  syringe  is  connected  with  the  glass  tube  of  the  wash-bottle  through 
which  the  gas  is  led  (Fig,  129). 

Hill  finds  that  for  this  purpose  the  most  convenient  manner  of  securing 
oxygen  is  by  generating  it  from  a  gasogen  containing  oxy lithe  (NajOj),  from 
which  the  gas  is  generated  l>y  contact  with  water,  and  is  stored  in  a  15-Iitre 
gas-bi^.    Sodium  perborate  may  be  substituted  for  the  oxylithe. 

INHALATION   OF    CARBON   DIOXIDE. 

As  early  as  1899,  Sir  William  Ewart,  believing  that  the  beneficial  effect 
of  the  Nauheira  baths  was  due  largely  to  the  inhalation  of  the  carbonic  acid 
which  floated  in  the  air  alx>ve  the  water,  recommended  the  inhalation  of  this 
gas  l)y  patients  as  a  preliminary  to  the  Nauheim  treatment,  and  rei|x>rted 
considerable  benefit  from  its  use.  He  found  it  particularly  serviceable  in  the 
attacks  of  cardiac  dyspncea  of  aortic  insufficiency  and  of  mitral  disease,  in 
cases  of  precordial  pain,  and  in  angina  pectoris. 

In  cases  of  Chejaie-Stokes  breathing,  as  well  as  in  cardiac  asthma,  Eyster, 
Pembrey,  and  Allbutt  recommend  the  inhalation  of  oxygen  containing  two 
or  more  jx'r  cent,  of  carlx)n  dioxide  to  regulate  breathing  and  prevent  the 
onset  of  acapnia. 
1« 
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For  convenience  of  administration  Ewart  recommends  obtaining  the 
carbonic  acid  by  allownnR  it  to  bubble  off  from  the  ordinarj-  carbonated  wat^r 
obtained  from  a  soda  siphon.  The  latter  i8  sqiiirte<I  into  a  pressure  bottle, 
where  it  may  be  kept  and  gnidually  ^iven  to  the  patient.  The  writer 
finds  it  still  more  convenient  simply  to  allow  the  patient  to  squirt  the  soda 
water  gradually  into  a  Mason  jar  or  into  a  fountain  syringe  in  the  manner 
descrilK'd  above,  and  to  allow  him  to  breiithe  i^ith  his  mouth  imnie<Iiat^ly 
above  the  mouth  of  the  jar  or  the  funnel  of  the  .«>Tinge.  The  numl^er  of 
cases  in  which  the  use  of  CM),  is  desirable,  and  the  use  of  T'Oj  baths  a.s  well, 
is  questionable.    Certainly  all  cases  wth  any  decree  of  acidosis  or  dyspucea 
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Normal  Jun(  ventilation 
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when  at  rest  should  be  excluded,  for  Peabody  (Arch.  Int.  Med.,  1915,  xvi, 
846)  has  shown  that  in  Kuch  cases  the  respiratory^  rate  is  doubled  by  inhala- 
tion of  2  to  3 p<'r  cent.  COj,  while  normal  individuals  require  4  to 5 percent, 
to  produce  the  same  effect. 

INHALATION    OF    HAREFIED    AIR. 

In  cases  of  failure  of  the  right  heart  in  stenosis  and  mitral  insufficiency, 
and  also  in  some  cases  of  failure  of  the  left  heart,  Kuhn  has  advocated  dimin- 
ishing the  resistance  in  the  pulmonary  circulation  by  the  use  of  his  suction 
miusk.  This  device  is  a  small  liphtly  fitting  mask  about  the  size  of  a  chloro- 
form mask  which  is  held  over  the  face  by  a  ."strap  around  the  head,  so  that 
it  fits  air-tight  atmut  the  mouth  and  nose.  It  is  pro\ided  with  two  valves, 
one  allowing  the  air  to  enter  the  mask,  the  other  allowing  it  to  leave. 

By  regulating  the  pressure  at  which  the  inspiratory  vfdve  opens,  it  is 
easy  to  bring  about  any  desired  rarefaction  of  the  air  within  the  mask,  which 
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the  patient  should  use  for  several  hours  a  day.  When  the  mask  is  applied 
it  gives  rise  to  a  certain  amount  of  dyspnoea,  which  niay  be  somewhat  annoy- 
ing and  in  the  more  severe  cases  may  entirely  preclude  its  use.  After  the 
patient  has  learned  to  accommodate  his  breathing  to  suit  the  new  conditions, 
however,  this  element  disappears.  The  patient  should  begin  by  using  the 
mask  for  a  few  minutes  at  a  time  and  then  gradually  inerease  the  period 
and  the  frequency  of  application  until  he  is  using  it  for  many  hours  a  day. 

Alhrecht  recommends  that  the  rarefacti<m  of  the  air  in  the  mask  should 
not  be  great-t^r  than  3  mm.  Hg,  but,  aa  this  is  almost  one-third  of  the  negative 
pressure  in  the  thoracic  cavity,  and  in  view  of  the  low  mean  blood-pressure 
in  the  pulmonary  arteries,  its  effect  would  naturally  be  considerable.  Indeed, 
Gerhardt  hiis  shown  experimentally  that  such  a  dimimshed  pressure  greatly 
increases  the  rate  of  blood  flow  through  the  lungs,  and  has  shown  that  it 
causes  the  lungs  of  a  dog  to  become  engorged  with  blood. 

Kuhn,  Morelli,  Bruhl,  Zabel,  Alhrecht,  and  Gerhardt  claim  excellent 
results?  from  the  use  of  this  suction  mask  in  patients  with  heart  disease,  espe- 
cially in  mitral  stenosis  (Morelli);  and  it  is  worthy  of  a  more  extended  trial. 

Not  satisfied  with  the  result  of  simple  suction  of  the  lungs  in  inspiration, 
Albrecht  adds  a  spring  upon  the  expiration  valve  of  the  mask,  so  that  expira- 
tion must  be  forced  at  a  slightly  positive  pressure,  thus  massaging  the  lungs 
by  the  change  of  pressure  between  the  inspiration  and  expiration.  Kuhn, 
however,  apparently  with  g<x>d  reason,  objects  that  this  imposes  too  great 
a  strain  upon  the  patient,  and  prefers  the  simple  inspiration  of  rarefied  air 
with  expiration  at  the  atmospheric  pressure. 

The  use  of  the  suction  mask  is  also  of  value  in  the  treatment  of  the 
antemia  which  is  a  frequent  c<»ncomitant  of  cardiac  disease,  since,  as  Kuhn 
and  others  have  shown,  it  acts  like  high  altitudes  in  stimulating  the  forma- 
tion of  red  blood-corpuscles.  Kuhn  has  also  shown  that  the  continued  use 
of  the  suction  mask  leads  to  a  gradual  increase  in  the  chest  capacity,  i>articu- 
larly  in  tiie  tj-pe  of  Jong  flat-chested  individuals  whose  thorax  is  normally 
held  in  the  position  of  exaggerated  expiration  (see  page  697). 

BIBLIOGRAPHY. 

QamRAL  Pbincipl£s  m  the  Treatment  op  Cardiac  Diseases. 

ErlanRcr  and  Hooker.     Quottxl  on  page  .54 

Winterriita  and  da  Silva.    Quoted  from  Buxbaum,  Lehrbiich  der  Hydrotherapie,  Leipz., 

1903. 
Widal,  F.,  and  Javal,  A.:  La  cure  de  d<5chloruration ;  son  action  sur  ropd^-mc,  aur  I'hydra- 

tation  et  eur  ralbuminurie  h  ccrtainea  p^^riodea  de  la  nephrite  epithdliale,  Bull,  et 

mem.  Soc.  MM.  d.  h6p,  de  Par.,  11)03,  3  s.,  xx,  7.33. 
Wldal,  F.,  and  I.cmierre:  Pathogenie  de  certaines  oedemes  brightiquea;  action  du  chlorure 

de  ijodiuiu  ing^ri^,  ibid.,  19(XJ,  3  scr.,  xx,  678. 
\Mdal,  F.:  Die  Kochsalzpnt7.iehungskur  in  der  Brightschen  Krankheit,  Verhand.  d.  Kong. 

f.  innera  Med.,  Wiesbatlen,  1909,  xx\-i,  43. 
Strauss,  U.:    Zur  Frage  der  Kochsalx  und  I-'UissiRkeitazufuhr  bei  llcrz  und  Nierenkranken, 

Themp.  d.  Gegenwart,  Berl.-Wien,  1903,  N.  F,  v,  433;  Sympoaiuni  on  Tlierai^eutii^ 

Mod.  Nc'W^,  N.  Y.,  1903,  Ixxxiii,  073;  also  Die  ChlorentzichunR  bei  Niert-nund    Ilerz- 

waasersiieht,  Verhandl.  d.  Kong.  f.  innere  Mini.,  Wiesbaden,  1909,  xx^^,  01. 
Die  CKlorontzifhung  bf i  Nieren-  und  Herewassersucht,  Verhandl.  d.  Kong.  f.  innere  Med., 

Wiesbaden.  1909,  xxvi,  91, 


244 


DISEASES  OF  THE  HEART  AND  AORTA. 


Hichter,  P.  F.:     Experiment«nes   uebcr  Nierenwaseersucht,  Berl.  klin.  Wchnschr.,  1003, 

xlii,  384. 
Bari£,  E.:  The  Doehloridation  Treatment  in  Diseases  of  the  Heart,  Intemat.  Clin.,  Phila., 

1908,  16tb  Bcr.,  i,  26.     Cf,  also  Byrapoeiuro  in  VerhandL  d.  Kong.  f.  innere  Med., 

Wiesb.,  1909,  xxvi. 
Karell,  quoted  from  Romberg. 

Hoffmann,  F»  A,:  v.  L('y<lt'n'a  Handbuch  der  Erntihrungstherapie,  1898,  i,  579. 
Jacoby,  L.:  Uebcr  die  Be^teutung  der  Karellkiir  bei  der  Beaeitigung  schwerer  Kreislauf- 

Htoningen  und  der  Behandlung    der   Fettsucht,  Mtinchen.  med.  Wchnschr.,  1006, 

Iv,  839. 
Htrechfold,   F,:  Die  Karell'sche  Milchkur  und  die  Untereraahrung  bei  Kompensation*- 

Btdrungen,  ibid.,  1908,  Iv,  1587. 

Massage  and  ELECTRiorrr. 

Cautru,  F.:  Action  du  massage  cardioabdominal  sur  le  travail  re!atif  du  cceur,  Rev.  de 

thdrap.  m6d.-chir.,  Par.,  1909,  Ixxvi,  73;  and  Bull.  ^6n.  detWrap.,  Par.,  1909,  civii,  127. 
Studiinski:  Zur  Frage  der  Bauchmassage  bei  HerzkrankJieiten,  Zentralbl.  f.  innere  Med., 

Leipz.,  1909,  xxx,  641. 
Zabludowski,  J,:  Tcehnik  der  Muaaage,  2d  «L,  Leipz.,  1903. 
Selig,  A.:  Kliaiache  Beobachtungen  uober  Hera  vibration,  Therap.  Monatsh.,  BerL,  1007, 

xxi,  204;  and  Berl.  klin.  Wchnschr.,  1907,  xliv,  804. 
Rimbach:  Orthodiagraphischer  Nachweia  dor  Einwirkung  der  Hersmaasage  auf  die  GrOsse 

dee  Herzens  und  die  Weite  der  Aorta,  Verhandl.  d.  Kong,  f .  innere  Med.,  Wiesbaden, 

1908,  XXV,  329;  and  Discussion  by  Selig. 
Hirschfelder,  J.  O.:  Personal  communication. 
Zimmern,  A.,  and  Riffaut:  Note  aur  un  malade  ay  ant  prdaent^  sous  I'influence  du  courant 

de  haute  frequence  (lit  condensateur)  un  abaissement  notable  de  la  preaeion  at^rielle. 

Arch.  d'^Iectrie.  med.,  Bordeaux,  1909,  x\'ii,  803. 

Surgical. 
Gibson,  G.  A.:  The  Relief  of  Cardiac  Enlargement  by  Surgical  Methods,  Edinb.  M.  J., 

1010,  N.  S.,  V,  293. 
Moriaon,  A.:  On  Thoracostomy  in  Heart  Disease,  Lancet,  I>tmd.,  1908.  ii,  7. 
Hill,  L.,  and  Flack,  M.;  Oxygen  in  Muscular  Exercise  and  aa  a  Form  of  Treatment,  Brit. 

M.  J.,  I^nd.,  1908,  ii,  967. 
Mackenzie:  Diseases  of  the  Heart,  N.  Y.,  1910,  2d  ed.,  p.  278. 
Allbutt,  Sir  T.  C:  Article  on  Diseases  of  the  Circulation  in  Muaser  and  Kelly's  Modem 

Treatment,  Phila.,  1911. 
Herz,  M.;  Sauerat  off  behandlung  bei  Hcrzkrankhciten,  Pnigcr  med.  Wchnschr.,  1909. 
Ewart,  W.:  On  the  Prebalnear  Treatment  of  Heart  Disease  by  Inhalations  of  CO2,  and  on 

the  Uses  of  the  Inhalations  in  Cardiac  Dyspntea  and  Anginoid  Pain,  Brit.  M.  J., 

Lond.,  1H99,  ii,  1178;  X  Simple  Method  for  the  Therapeutic  Inhalation  of  Carbonic 

Acid  Gas,  ibid.,  1911,  ii,  805. 
Kubn,  E.:  Die  Anwendung  der  Lungeosaugmaske  bei  Lungen   Krankcn,   Blutarmut, 

Asthma,  Ilerzschwache,  und  Schlaflosigkeit,  Zuaammcnfaasende  Ergebniase  aus  der 

Literal  ur  und  Pra-vis,  Therap.  Monatsh.,  Berl.,  1910,  xxiv,  487;  also  Die  Behandlung 

der  Herr-schwachezustanden  und  Stauung  im  Venengebieie  durch  negativen  Druck 

in  der  Brusthohle,  Verhandl.  d.  Kong.  f.  innere  Med.,  Wiesbaden,  1911,  xxviji,  206. 
Albrecht,  E.:  Ucber  einseitige  Druckanderung  der  Lungenleft  als  Hilfsmittel  fiir  Diagnoee 

und  Therapie  von  Herzerkrankungen,  ibid.,  1911,  xx\'iii,  201. 
Gerhardf.,  D.:  Discussion  of  foregoing  papers,  ibid.,  1911,  xxxiii,  208. 
Morelli,  Uebcr  die  wrkung  der  Kuhnsche  LungCDsaugraaske  bei  Herzkrankheiten,  Ztschr. 

f.  klin.  Med.,  Berl.,  1909,  Ixvu. 
Bruhl,  W. :   Ucber  die  Einatmung  verdtlnnter  Luft  ia  ihrer  Wirkuog  auf  den  Kreialauf 

und  das  Herz,  Thesis,  Marburg,  1911. 
Zabcl,  quoted  from  Kuhn. 


V. 

THE  EFFECTS  OF  DRUGS  IN  CARDIAC  DISEASE. 


It  doea  not  He  within  the  scope  of  this  work  to  enter  into  a  detailed 
discussion  of  the  pharmacology  of  the  drugs  used.  The  reader  is  referred 
to  the  text-books  upon  this  subject,  especially— 

Cushny,  A.  R,:  A  Text-book  of  Pharmacology  and  Tlierapeutics,  Phiktlelphia  aud 
New  York. 

SoUmann,  Torald  :  Text-book  of  Phofmacology. 

Hatcher,  R,  A.,  and  Williert,  M.:  The  Phnrmacofxieia  and  the  Physician,  Chicago, 
1907  (published  by  the  American  Medical  Association). 

Meyer,  H.  H.,  and  Gottlieb,  R.r  Die  experimentelle  Phannakologie  also  Gnindlage 
der  Arxneibchandlung,  Berl.,  1910. 

Brunton,  Sir  T.  Lauder:  Collected  Papcra  on  Circulation  and  Respiration,  Lond.  and 
N.  Y.,  1907;  and  Therapeutics  of  the  Circulation,  Lond.,  1908. 

The  drugs  used  in  the  treatment  of  cardiac  disease  may  be  of  value 
[through  their  action  on  the  following  systems: 

I.  Upon  the  Heart  Muscle — digitalis,  strophanthus,  strychnine,  squills,  caffeine. 
II.  Upo.v  the  Periphehal  Vessels — conHrictors:  camphor,  strychnine,  adrenalin, 
ergot,  digitalis,  nicotine  (tobacco),  caffeine;  dilaU^rs:  amyl  nitrite,  nitroglycerin,  sodium 
nitrite,  erylhrol  tetranitrate. 

1.  Acting  upov  the  Cardiac  Nerves. 
A.  Slowing  the  heart  thrtnujh  stimttlation  of  ttte  vagus:  aconite,  digitalis,  strophanthus, 

taoroetirnes  strychnine  and  caffeine,  nicotine,  veratrum  -viride,  rauscarin,  very  large  doses  of 
potassium  salts,  bile  salts,  blood  in  jaundice. 

D.  Increaging  the  heart-rate  through  paralyzing  the  vagi:  atropine,  cocaine,  amyl  nitrite 
and  other  nitrites. 

C-  lyicreasing  rate  through  atimulalion  nf  accderalora:  adrenalin,  arayl  nitrite,  and 
other  nitrites. 

D.  Paralyzing  aecderaiors:   apocodein. 

2.  DiMiNisBixo  Venous  Pressuwe  and  Stasis  by  Depleting  Portal  System: 
purgative  series,  especially  calomel,  the  saline  and  the  vegetal»le  purgatives. 

3.  Drugs  which  Increase  the  Tonicity  of  the  Cardiac  Mubcle  in  pharmaco- 
logical doses:  digitalis,  strophanthus,  strychnine,  amyl  nitrite,  nitroglycerin,  cakium 
chloride  (transitory  effect). 

4.  Drigs  which  Decrease  ToNiarr:  potafisium  salts,  chloroform,  formic  add,  salt 
infusion,  ether,  adrenatin. 

Tonicity  is  practically  unaffected  by  small  doses  of  aconit«,  though  slightly  diminished 
by  larger  ones. 

DIGITALIS. 

Foremost  among  the  drugs  used  in  treatment  of  circulatory  diseases 
are  the  preparations  of  digitalis,  introduced  into  medical  practice  by  Wither- 
ing in  1785.  He  says  of  it:  "In  the  year  1775  my  opinion  was  asked 
concerning  a  family  receipt  for  the  cure  of  the  dropsy.  I  was  told  that  it 
had  long  been  kept  a  secret  by  an  old  woman  in  Shropshire,  who  had  some- 
times made  cures  where  the  more  regular  practitioners  had  failed.  .  .  . 
The  medicine  w^as  composed  of  twenty  or  more  different  herbs,  but  it  was 
not  very  difficult  for  one  conversant  in  these  subjects  to  perceive  that 
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the  active  herb  could  be  no  other  than  the  foxglove.  ...  I  soon  found 
the  foxglove  to  be  a  very  powerful  diuretic.  .  .  I  use  it  in  ascites,  ana- 
sarca, and  hydrops  pectoris."  He  then  cites  the  results  obtained  in  the 
treatment  of  over  100  cases,  many  of  which  would  be  worthy  of  modem 
therapeutics. 

Drugs  of  Digitalis  Series.* — Digitalis,  strophanthus,  apocynum,  convallaria  majalis, 
squill  (scilla),  erytliropholoeine,  helieborein,  antiarin  (antiaria  toxicara). 

Digitalis  consists  of  the  dried  leaves  of  Digitalis  purpurea  collected  from  the  plant 
at  the  commencement  of  the  second  year's  growth.  It  should  not  be  kept  more  than  one 
year.    Average  dose  pulv.  digitalis -0.05  Gm.  (1  grain). 

Preparations.  Dosa. 

Gram.  English. 

Fluidextractum  digitalis 0.05  nt  1 

Extractum  digitalis 0.01  gr.  1/5 

Infusum  digitalis 

(1.5%  digitali8+10%  alcohol+15%  cinnamon  water) 8.00  S  ii 

Tinctura  digitalis 1.00  n\,xv 

(10%  of  crude  digitalis  in  dil.  alcohol) 

A  very  satisfactory  form  for  administering  digitalis  and  a  purgative  at  once  is  Addi- 
son's (or  Niemayer's)  pill,  made  up  according  to  the  following  prescription: 

Kl;S'^^}« o« 

Hydrarg.  chloridi  mit 0.08  gr.  1  1/4 

M.  fiat  in  pil.  x  seu  capsulas  x. 
Sig.    One  pill  every  three  hours. 

The  calomel  may  be  increased  to  gr.  x,  or  may  be  replaced  by  blue-mass  (massa 
hydrarg.)  or  gray  powder  (hydrargyrum  cum  creta)  in  capsules. 

The  efficacy  of  Addison's  pill  depends  upon  the  care  taken  to  secure  an  active  prepa- 
ration of  digitalis  in  making  it.  Moreover,  its  action  may  be  uncertain,  owing  to  the  fact 
that  a  certain  amount  of  digitalis  is  eliminated  with  the  stool  without  having  been  absorbed. 

Derivatives  op  Digitalis. — Digiloxin — the  most  active  substance  derived  from 
digitalis,  producing  all  the  digitalis  effects;  soluble  in  alcohol;  insoluble  in  water,  except 
in  the  presence  of  digitonin.  Prepared  in  soluble  form  with  digitonin  under  the  trade  name 
" Digalen "  (Cloetta).    "  Digalen,"  dose  1  c.c. 

Digilalin  (digitalinum  verum  Kiliani) — a  white  amorphous  glucoside,  less  toxic  than 
digitoxin  but  otherwise  resembling  it  in  physical  properties  and  pharmacological  action. 
Dose  2-6  mg.  (gr.  VWff)- 

Roughly,  digitoxin  is  six  times  more  potent  than  an  equal  weight  of  digitalinum  verum 
(Fraenkel). 

Digitalin  "German" — amorphous  powder,  soluble  in  water  and  alcohol;  a  mixture 
of  pure  digitalin,  digitalein,  and  digitonin.    Dose  2-6  mg.  (gr.  }^Ho). 

Digitalcin  and  digitonin  are  other  somewhat  similar  substances,  the  latter  of  which  is 
a  saponin-like  body  which  has  little  pharmacological  action. 

Digipuraium  (Extractum  digitalis  depuratum),  prepared  free  from  digitonin  accord- 
ing to  Gottlieb's  formula,  contains  digitoxin  and  digitalin,  and  is  soluble  in  alkalies  but 
insoluble  in  water  and  in  acids.  It  is  said  to  be  less  prone  to  produce  nausea  than  the 
other  digitalis  preparations  and  is  of  very  constant  strength. 

Strophanthus — the  ripe  seeds  of  Strophanthus  Komb(5.  Tinctura  strophanthi,  10 
per  cent,  of  the  drug  in  65  per  cent,  alcohol.    Dose  0.5  c.c.  (ti\,viii). 

standardization  of  digitalis  preparations. 

The  chief  point  to  be  considered  in  the  choice  of  digi- 
talis preparations  is  to  obtain  a  preparation  of  uniform 
strength.     Digitalis  leav(?s  even  of  the  second  year's  growth  vary  greatly  in  the  amoimt 

^  A  very  full  discussion  of  these  drugs  is  given  in  Cushny's  article. 
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of  the  active  principlea  which  they  contain,  as  well  as  in  the  Btubiliiy  of  the  latter,  for  the 
leaves  contain  enzymes  which  break  up  the  digitalis  plunosides.  In  order  to  obviate  this 
the  leaves  must  be  dried  at  a  moderate  heat,  and  kept  in  a  dry,  durk  place. 

In  order  to  kw^p  the  leaves  permanently  Max  VVinckel  hits  devi-snl  a  process  whereby 
theee  enzvmea  are  said  to  bo  completely  deslroycii.    Age  in  itself  is  not  always  an  objec- 
tion, for  Hale  has  found  leaves  over  eight  years  old,  kept  in  a  paper  bag,  which  were  of 
'  about  the  same  strength  aa  recently  purchased  leaves. 

The  strength  of  digitalis  preparations  may  be  estimated 
either  chemically  or   by   their  action   on   animals.     The  chemical 
ssay  \a  based  on  rather  uncertain  quantitative  dot erminal ions  of  the  digitoxin,  and  docs 
I  not  always  show  a  paraHelism  to  the  activity  of  the  drug,  since  the  latter  may  also  be  due 
to  the  digitalin  and  digilalein  contained. 

The  action  of  the  drug  on  animals  may  be  tested  in  several  ways,  and  among  difTerent 
obeer\'ers  there  is  at  ill  some  uncertainly  aa  to  which  method  should  be  pursued.  The 
activity  may  be  teste<l  on  frogs,  in  which  the  at;tion  ia  mainly  on  the  heart  niuacle,  or  on 
mammals,  in  which,  j\.s  in  man,  the  central  nervous  system  is  also  brought  into  play.  In 
frogs  ihe  activity  has  been  tested  upon  the  excised  heart,  the  exjKJsed  heart  (Focke),  and 
ujKin  the  intact  animal.  The  latter  seema  not  only  easiest  but,  most  satisfactory.  Hough- 
ton (of  Parke,  Davi.s  tt  Co.)  nn^ommendfl  using  as  a  standard  the  dose  per  gramme  of  frog 
which  kills  the  animal  in  twelve  hours  after  injection  into  the  dorsal  lymph-sac.  Worth 
Hale,  in  a  very  exhaustive  study,  decides  in  favor  of  the  method  of  Faraulener  and  Lyons, 
in  which  the  standard  dose  (per  gramme  of  frog)  ia  that  which, 
when  injected  through  the  mouth  into  the  anterior  lymph- 
sac,  brings  the  ventricle  to  a  condition  of  permanent  sys- 
tole at  the  end  of  exactly  one  hour.  This  method  is  the  easiest  to  carry 
out,  and  requires  only  a  small  number  of  ordinar>'  and  healthy  medium-sized  frogs  about 
30  G.  (one  ounce)  in  weight.  Each  as^ay  should  cost  about  fifty  cents- 
Dose  of  digitalis  when  diluted  to  lincture  strength,  per  gramme  of  frog.  0.024-0.030  mg. 

Hatcher  prefers  cats,  for  strophanthua  at  lejist,  using  aja  his  criterion  the  dose  of 
Btrophanthin  (dilute<l  loAofl  with  0.0  per  cent.  NaCl)  which  will  kill  a  cat  within  an  hour 
after  intravenous  injection.  Rowntree  and  Macht  (Jour  Am.  Med.  Assoc.,  191(1,  lxvi,870) 
inject  lOc.c.  infusion  of  digittilis  |wr  Kg.,  then,  5  min.  later,  1  c.c.  every  two  miimtes  imtil 
death  ensues.  This  is  the  ea-niest  method  to  carrj'  out  and  gives  quite  constant  rt'sultf;,  Oto 
8  c.c.  per  Kg.  cat  representing  the  lethal  dose  the  best  foreign  digitalis  ixnd  for  the  leaves  of 
fUgitaJia  grown  at  the  medicinal  plant  gardens  of  Wisconsin. 

Morris  finds  the  same  values  for  digitalis  grown  at  Minnesota  but  finds  that  digitalis 
lutea  causes  less  irritation  than  diptalis  purjnirea  t!iough  poBBeeeed  of  the  same  activity 
and  toxicity.  1 

For  the  history  of  digitalis  and  its  uses  aee: 
Bruuton,  T.  Lauder:  On  Digitalis,  with  some  OKservations  on  the  Urine  (Thefiii*  presented 

to  Ediuhtirgh  University,  18tV5),  Lond.,  IStiS;  also  Collected  Pafjers  on  Circulation 

and  Respirjition,  Ist  .Hcr.,  LtJiul.  and  N.  Y.,  1907,  p.  30. 
Winckel,   Mux:    Ueber  den  Wert  der  fri.schen  Foha  Digitalis  und  ihre  Konservierung, 

Muenchcn.  med.  Wchnschr..  1911,  Iviii,  575, 
Hale,  Worth:  Digitalis  Stamlardization  and  the  Variability  of  Crude  and  of  Medicinal  Prep- 
arations, Bull.  No.  47,  livg-  Lab,  U.  S.  Pub.  Healtli  and  Mar.  Hosij.  Ser\^,  Wa.sh.,  IDl  1. 
Pratt.  J,  H.r  The  Potency  <>f  Digitalis  Preparations,  Boston  M.  and  S,  J.,  1910,  clxiii,  273. 
Fiimulenernnd  lAonis:  Proc.  A>vsoc,  Am.  Pharm.  As,m<k!.,  1902,  i,  41.5,  quoted  from  Hale. 
Hatcher,  R.  A.,  and  Bailey,  H.  C.:   Tincture  of  Stropiianthus  and  Htrophanthin,  J.  .Am. 

M.  .\s.st)c.,  Chicago.  1909,  lii,  5;  and  Hatcher,  R.  A.:    Note  on  Strophanthin,  ibid., 

1010,  hv, 1954. 

.Stkophanthus. — According  to  the  United  States  Pharmacopfria,  strophanthus  ia 
prepared  from  the  ripe  seeds  of  strophanthus  komb<?;  but  Willwrt  states  that  the  latter 
is  practically  oiit  of  the  market  and  is  largely  replaced  by  strophnnlhus  h)Bpidu.«i  and  stro- 
phonthu.s  gratus.  The  active  principle  of  .Htrophanthus  komb4  and  strophanthus  hi.spidus  is 
Btrophanthin  (rnethylouabain),  while  that  of  strophanthus  gratus,  the  probable  source  of 
" cr>'stalline  strophanthin."  is  ouabain,  a  subatan**  twice  as  toxic  a«  strophanthin.  A 
clowly  it'lated  stilwtance,  aeocantherin.  deriveij  from  the  wood  of  the  acocanthacea".  is 
dimethylouabain  and  is  about  one-fourth  as  toxic  as  ouabain. 

*  E.  K.  Morria:   Peraonal  oonununication. 
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Squill. — The  eea-onlon  (acilla  maritima)  deprived  of  its  dry  membranaceoua  outer 
scales  and  cut  into  thia  slices.    Dose,  0.05-0.2  G.  (rajr.  i  to  iii)  in  pilla. 

Acetum  seillffl  (U.S.P.,  B.P.).    Dose  1-2  c.c,  (nx.  xv  to  xxx). 

Apocymrw  Cannabinum  {thie  dried  rhizome  of  Canadian  hemp). 

Flviidextractum  apocyni,  U.S.P.  (extract  made  in  10  per  cent,  glycerin,  60  per  cent. 
alcohol,  and  :iO  per  cent,  water).    Dose  1  c.c.  (rri  xv). 

CoxvALLARiA.  The  dried  rhizome  and  roots  of  Convalleria  majalii*  (lily  of  the  valley). 
Dose  0.5  G.  (gr.  viii). 

Fluidextractum  convallaria.'.     Do-w  0.3  c.c.     {n[  viii). 

EnoNTMua  (U.S.P.),  Euonymi  Cortex  (B.P.). — The  bark  of  the  roots  of  the  Wahoo. 

Euonyrnus  atropurpureus,  U.S.P.,  E.\iractum  Euonymi  0.05  to  0.2  G.  {gr.  i  to  iii) 
B.P.  Extractum  enonymi  siccum  0.05  to  O.lo  G,  (gr.  i  to  iii). 

Other  drugs  hanng  a  similar  action  but  not  in  the  Pharmacopceia  are: 

Erj'throphla-um,  the  bark  of  the  casea  or  sassy  bark  (eryt.hr ophlceum  guiniense), 

Helleborus  niger  (the  Christmas  roi«») — not  the  white  hellebore;  (he  pheasant's  eye 
(adonis  venialis);  the  upas  (-\nliaria  toxicaria),  the  Acanantheria,  Thcvetia  grandiflora, 
and  coronilla;  also  substances  isolated  from  the  skin  of  frogs  (phrynin  Faust)  and  bufagiu 
(Abel  and  Macht). 

Derivative  and  Ac/w-e  Principle. — Sfrophanthin  (methyl  ouabain) — a  white  cry.stalline 
glucoaide  of  constant  composition  and  action,  soluble  but  undergoing  decomposition  in 
water.    Hence  best  prescribed  in  dilute  alcohol. 

EFFECT  OF   DIGITALIS   OS   THE   NORMAL  HEART. 

Fraeiikel  and  Schwartz  and  also  Cloetta  have  shown  that  in  therapeutic 
doses  digitalis  has  no  effect  upon  the  normal  heart,  either  in  affecting  the 
strength  of  the  beat  or  in  bringing  about  hjpertrophy.  Neither  has  it  any 
effect  upon  the  perfectly  compen.^ated,  undilated  heart  with  a  val\'ular 
lesion.  Its  chief  effeetn  are  seen  in  dihited  hearts  whose  myocartUum  etill 
retains  some  reserve  power  and  in  caises  of  auricular  fibrillation.  In  the 
severest  stages  of  cardiosclerosis  and  fatty  degeneration  it  may  stimulate 
the  fibres  beyond  the  limit  of  their  power,  and  thus  do  actual  harm,  and 
even  hasten  the  end. 

GENEIt\L   ACTION    OF   DIGITALIS. 

Drugs  of  the  digitalis  series  affect  the  heart  through  their  action  on  three 
separate  structures, — the  vagi,  the  eariliac  muscle,  and  the  vasocoiLstrictors. 

There  is  some  evidence  that  the  action  of  digitalis'  upon  the  heart  muscle 
is  due  to  a  definite  chemical  combination  with  the  latter,  uniting,  as  Schlio- 
mensun  has  claimed,  with  the  phosphatid  fraction  (cuorin).  Karaulow  has 
shown  that  the  digitonin  is  detoxified  by  cholesterin,  but  that  digitoxin, 
digitalin,  and  strophanthin  are  not. 

Action  of  Therapeutic  Doses.— ^In  ordinary  therapeutic  doses  by  mouth 
the  effect  of  digitalis  does  not  assert  itself  for  24  to  72  hours,  though  it  may  set 
in  immediately  after  intravenous  or  very  soon  after  intramuscular  injections. 

In  bringing  about  the  usual  therapeutic  effects  the  pulse-rate  becomes 
slower  (Withering),  the  contractioiw  larger  and  more  forcible  (Traube  and 
Lauder  Bruuton),  and  the  tonicity  of  the  heart  muscle  is  increased  (Cushny, 
Cameron),  so  that  the  quantity  of  residual  blood  in  the  ventricles  is  tUmin- 
ished  and  dilatation  of  the  heart  is  lessened. 

*  For  convenience  the  action  of  digitalis  as  prototype  of  the  digitalis  series  ia  discussed 
in  detail,  and  the  differences  in  the  aclions  of  the  various  members  of  the  series  will  be 
discuaaed  later. 


THE  EFFECTS  OF  DRUGS  IN  CARDIAC  DISEASE. 


249 


I 


I 


Very  often,  as  H.  Turnbull  in  Mackenzie's  clinic  has  pointed  out,  a 
sinus  or  neurogenic  arrhj-thmia  (instal>ility  of  rhythm)  set^  in  from  inter- 
mittent action  of  the  over-stimulated  vagi,  so  that  the  originally  rapid  rate 
of  the  heart  may  change  to  a  slow  one  with  irregularity  in  which  short  series 
of  rapid  beats  alternate  wth  short  series  of  slow  ones,  showing  a  normal 
("  double  ")  venous  pulse. 

The  beneficial  action  of  the  digitalis  is  brought  about  through  increasing 
the  force  of  the  heart-beat  and  the  tonus  of  the  muscle, — the  one  leading  it 
to  drive  out  more  blood  with  each  beat,  the  latter  preventing  it  from  over- 
filling in  diastole,  both  effect*  tending  to  diminish  dilatation. 

The  effect  of  digitalis  upon  the  coronary  circulation  is  somewhat  uncer- 
tain, for  Oswald  Loeb  found  that  it  diminished  the  blood-flow  through  the 
coronary  vessels  in  the  excised  heart;  but  G.  S.  Bond,  in  tlie  WTiter's  labora- 
tory, demonstrated  that  wth  the  heart  in  situ  the  flow  is  increased  after 
digitalis  and  strophanthin  throughout  the  period  during  which  the  general 
blood-pressure  is  elevated. 

These  effects  are  produced  chiefly  through  stimulation  of  the  vagus, 
and  may  be  prevented  in  anijnals  by  a  section  of  the  vagi  (Traube  and  Lauder 
Brunton)  and  by  the  administration  of  atropine  (Cameron). 

In  animal  ex]ieriments,  and  usually,  but  not  always,  in  human  beings, 
there  is  a  moderate  riso  in  bltjod-pre.ssure,  due  (Blake,  1839,  Traube,  1861, 
and  Lauder  Brunton,  18R6)  in  ]^art  to  constriction  of  the  peripheral  arteries. 

In  man  this  rise  in  blood-pressure  may  or  may  not  be  present,  and,  as 
IMacken^ie  states,  excellent  results  may  be  obtained  in  many  cases  without 
any  change  in  the  blood-pressure  whatever. 

Toxic  Effects. — While  these  effects  represent  the  favorable  action  of 
digitalis,  larger  doses  give  rise  to  real  disturbances  in  the  heart's  action. 
These  effects  fall  into  four  categories: 

(1)  Weakening  in  the  contractile  power  of  the  heart,  as  shown  by  the 
onset  of  a  pulsus  alternans. 

(2)  A  partial  or  complete  blocking  of  the  impulses  passing  from  auricle 
to  ventricle  (digitalis  heart-block) ;  and 

(3)  The  onset  of  paired  beats  due  to  the  genesis  of  ventricular  extra- 
systoles. 

(4)  Of  a  rapid  heart-rate  arising  independently  in  the  ventricle  (ventric- 
ular tiichycarcha) .  Dependent  ujwn  a  variety  of  conditions,  either  of  these 
effects  may  predominate,  or  both  may  coexist,  especially  in  the  severer 
degrees  of  poisoning. 

The  mildest  of  all  these  effects,  the  onset  of  an  alternating  pulse  (pulsus 
alternans),  gives  no  clinical  manifestations  save  a  slight  feeling  of  general 
weakness  corresponding  to  a  diminution  in  the  strength  of  alternate  beats 
of  the  heart,  which  are  well  shown  upon  the  sphygmogram.  Cases  of  this 
sort  have  been  reported  by  Guillaume  and  Mackenzie,  in  the  former  of  which 
it  was  associated  with  occasional  blocking  of  impulses  at  the  auriculoven- 
tricular  bundle. 

Heart-block  resulting  from  large  doses  of  digitalis  have  been  reported 
by  Cushny,  v.  Tabora,  and  Erlanger  in  animals,  and  by  Mackenzie,  Hewlett, 
and  Rihl  in  man.  The  stage  most  frequently  encounteretl  clinically  is  a 
sudden  lialving  of  the  ventricular  rate  and  pulse-rate  without  change  in  the 
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rate  of  the  auricles  (2  :  1  rhythra)  as  shown  by  the  pulse  or  etcctrocardio 
gram.  This  represents  a  state  of  partial  block,  which  in  most  cases  may  be 
promptly  relieved  by  injection  of  atropine  0.5  to  1.0  mg.  (gr,  t4^  to  ^^)  and 
passes  off  soon  after  the  digitalis  is  discontinued  (Cushny,  Morris  and  SiJ- 
berberg,  Heart,  1912-1913,  iv,  33).  In  animal  experiments  with  larger  doses 
the  block  becomes  complete  and  can  no  longer  l>e  relieved  by  atropine,  for 
not  only  the  vagus  (esiM'cially  the  left  vagus)  but  also  the  fibres  of  the  His 
bundle  have  l>epn  acted  on  by  the  puisun.  Hirsehfekler  (Jour.  Pharmacol, 
and  Exper.  Therap.,  1915,  vi,  597)  has  showii  that  if  the  aiirieuiar  stimulus  is 
increased  by  increased  electrical  stimulation  impulses  othenvise  blocked  by 
digi talis  will  pass  down  the  His  bundle.  The  degree  of  block  thus  depends 
upon  the  intensity  of  stimulation. 

Mackenzie  has  encountered  a  number  of  cases  in  which  the  administra- 
tion of  digitalis  gave  rise  to  absolute  arrhythmia  with  auricular  fibrillation. 

W7ii!e  these  phenomena  are  going  on  at  the  supraventricular  levels  of 
the  heart,  changes  are  also  taking  place  in  the  properties  of  the  ventricular 
muscle  itself,  which  manifests  a  gradually  increasing  tendency  toward  initiat- 
ing an  independent  rhjihm. 

The  onset  of  paired  beats  due  to  ventricular  extrasystoles  may  be  re- 
garded as  the  first  sign  of  overaction  of  digitalis.  Ritchie  and  Cowen  lielicve 
that  the  latter  arise  on  account  of  increased  pressure  within  the  ventricle 
during  diastole,  especially  in  slow  ht-arts,  just  as  they  lUiiy  arise  when  the 
aorta  or  pulmonary  artery  is  clamped;  and  that  the  undue  irritability  of  an 
enfeebled  heart  tends  to  increase^  this  tentlency.  Some  doulit  is  thrown  upon 
this  theorj'  by  the  experiments  of  Brandenburg,  Straub,  and  di  Cri.ttina,  who 
have  shown  experimentally  that  digitalis  actually  tends  to  diminish  the  car- 
diac irritability  and  that  stimuli  which  give  rise  to  extrasystoles  before  the 
injection  of  digitalis  are  ineffectual  after  it.  Another  theoiy,  which  is  very 
suggestive  but  by  no  means  proved,  has  been  advanced  by  Cushny.  Cushny 
has  supposed  that  the  occasional  extrasystoles  represent  the  periodic  mani- 
festations of  an  indeptnutent  rhythm  arising  in  the  ventricles  themselves, 
just  as  is  seen  in  complete  block.  According  to  this  view,  the  condition  would 
correspond  to  a  pararrhythmia  in  the  sense  of  Wenckebach.  Both  the  im- 
pulses from  the  auricles  and  those  arising  in  the  ventricles  are  conceived  as 
effective,  but  the  one  which  becomes  active  first  at  the  end  of  the  refractory 
period  gives  rise  t^>  the  next  l>eat. 

This  stage  of  digitalis  action,  like  all  severe  forms  of  arrhythmia,  is  accom- 
panied liy  a  corresponding  retardation  of  the  circulation,  so  that,  unlesjs  com- 
pensated by  still  further  vfisoconstriction,  a  fall  in  blood-pressure  ensues. 

The  cmset  of  either  of  these  disturbances,  whether  heart-block  or  the 
extrasystoles,  shows  that  the  action  of  the  drug  hn>i  Ix^en  t<n>  s<«vere,  the 
extrasystoles  lT«>inf;,  as  a  rub,  less  disconcerting  than  the  heart-l>lock.  Both, 
as  a  rule,  pass  off  within  a  day  or  two  after  the  drug  has  been  discontinued; 
althouph  palpitation  may  persist  a  great  deal  longer. 

In  the  third  stage  of  digitalis  action,  termed  by  Cushny  the  stage  of  inco- 
ordination, a  complete  block  occurs  Ix'tween  the  auricles  and  the  ventricles, 
probably  owing  t<>  a  toxic  action  uyton  the  fibres  of  the  His  bundle.  The 
auricles  still  beat  very  slowly  under  the  influence  of  the  vagi,  but  the  ventricles 
beat  at  an  independent  rhythm.     As  the  action  of  the  drug  becomes  more 
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and  more  pronounced,  this  rhythm  tends  to  increase  in  rapidity,  so  that  the 
condition  oi  the  heart  at  this  stap;e  may  be  sunimarizetl  as  auricylar  inhi- 
bitioiu  conipfete  heart-block,  and  ventricular  tachyuartha.  While  this  repre- 
sents the  end  stage  of  digitalis  poisoning  as  seen  in  animals,  it  is  not  commonly 
observed  in  mnn,  but  a  case  has  Iwen  reported  recently  l>y  Hewlett  and  Bar- 
ringer  in  which  this  fomi  of  irregularity  was  encountered  shortly  before  death 
in  a  man  who  had  received  rather  large  doses  of  digitaUs,  apocynuin,  and 
strophanthus. 

Effect  of  Digitah's  on  the  Electrocardiogram.— Cohn  and  Eraser  (Jour. 
Ex|>er.  Med.,  10b5,  xxi,  r592)  have  shown  thtit  an  appreciable  lengthening  of 
the  P:  R  interval  (a-c  interk'al  on  the  venous  pulse)  can  lie  noted  before  the 
overaction  of  digitalis  begins  to  assert  itself  and  that  the  inversion  of  the 
T  wave  is  a  common  effect  of  digitalis.  The  physical  mechanism  of  the 
phenomenon  is  not  explained. 

In  frogs  and  in  cold-blooded  animals  the  ventricle  never  relaxes  and  the 
heart  ceases  Iteating  tightly  crmtraeted  in  systole;  but  in  mammals,  perhaps 
owing  to  asph.VTcia  of  the  muscle,  the  great  increiise  in  tone  is  lost  shortly 
before  death,  and  the  heart  dies  in  diaMole,  unless,  as  GottUeb  has  shown, 
large  dosea  of  calcium  are  given  along  with  the  digitalis. 
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Fio.  130. — TrarinitB  showinR  the  nction  nf  dlj^t«1iii  upon  the  dog's  blc>ot!-pr*Mur*.  (After  Cu9hny.> 
A,  normal;  B,  thcrap«utio  stugc.  with  inerpiuted  bli^od-preaHure  and  mcKlxralf  slowing  of  ttio  puttf,  but 
qllicklrDc^rl  blood-flow;  C,  eiccMiivo  inhibition,  csusing  low  blood -pr««urt;  und  alowed  circuUtion;  D,  atilt 
further  alowing.  witb  ilieht  arrhythmia;  S,  third  staxe,  irregularity  with  further  rise  of  blood  preaaui* 
from  excetiaivo  vasocoQutrirtion. 

Effect  on  the  Blood=Pressure. — T  he  rise  of  blood-pressure 
due  to  digitalis  is  iu  part  due  to  the  increased  force 
and  output  of  the  heart,  in  part  to  the  constric- 
tion of  the  peripheral  and,  especially,  the  abdomi- 
nal b  I  o  o  il  -  V  e  s  s  e  1  s  .  The  velocity  of  blood  flow  (jis  shown  by  product 
of  pulse-pressure  X  pulse-rate)  is  usually  increased  when  this  effect  is  lirnught 
about  (Felhier,  Fraenkel).  Strophanthus  causes  le.ss  vasoconstriction  than 
digitalis,  and  hence  usually  affects  the  minimal  pressure  less  than  the  maxi- 
mal, hnt  increases  the  velocity  of  blood  flow  without  causing  so  great  a  strain 
upon  the  heart.  Unfortunat*^ly,  the  preparations  of  strophanthus  are  less 
reliable  for  continuous  action. 
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Occasionally  it  is  found  that  both  digitalis  and  struphanthus  actually 
lower  the  maximal  blood-pressure.  This  occurs  especially 
in  the  cases  where  the  circulation  through  the  medullary  centres  is  impaired 
by  venoua  stasis  or  arteriosclerosis,  or  failure  of  the  heart,  and  the  high 
blood-pressure  is  merely  the  resulf  of  general  reflex  vasoconstriction  from 
the  ischemia  of  the  centre  (high-pressure  stasis).     When  the  force  of  the 

heart  ia  increased  and  the  blood  passing 
through  the  centre  ia  better  aerated,  the 
vasoconstrictor  influence  is  no  longer  ex- 
erted and  the  general  blood-pressure  then 
falls. 

Effect  of  Digitalis  on  Tonicity. — C  H  n  - 
ically  the  most  important  action 
of  digitalis  is  its  effect  upon  the 
tonus  of  the  cardiac  muscle,  in 
preventing  and  in  overcoming  dilatation, 
and  it  ia  in  dilated  hearts  that  the  bene- 
ficial action  of  digitalis  is  most  pronounced, 
Fran9ois-Franck  (1882)  demonstrated  that 
the  administration  of  digitalis  did  away 
wTth  the  transitory  functional  tricuspid  in« 
sufficiency  which  resulted  from  stimulation 
of  the  vagus.  Cuahny  and  Cameron  have 
shown  marked  increase  in  tonicity,  as  shown 
by  diminution  in  cardiac  volume.  More- 
over, Cloetta  has  demonstrated  that  the 
prolonged  administration  of  digitalis  pre- 
vents the  heart  from  dilating  in  experi- 
mental aortic  insufficiency  (positive  intra- 
ventricular pressure  during  diastole).  The 
he-arts  of  animals  which  have  been  treated 
with  digitalis  are  smaller  and  stronger  than 
those  which  have  not  been  so  treated  (see 
page  479).  Golbeek,  Gos&age,  and  others 
ha\'e  also  emphasized  the  importance  of 
this  effect  on  cardiac  tonus. 


Pia,  ISL-^VanatioQa  in  blood-pnsx* 
cure  in  »  pfttieot  uador  tho  inOucnce  of 
diKiUlis  and  nitroRlyceria.  MAX,  maxi- 
mnl  blood -preMure;  MIS,  miairoal  blood- 
pressure;  PP,  pulse-pr^itEiure;  PPXPR, 
puJde-preasure  X  pulae-rate;  DISC  DIG- 
ITALIS, diacDQtiaue  digitaLia. 


Relation  of  Pulse-pressurij  to  Sthptous  m  Onb  or  Fraenkkl'b  Casbb. 


Tia*. 


Blood'prcMurc. 


Max,   Mia. 


Jan.  27,  10.30 
10.40 

10.45 

11.00 

Jan.  28 

Jan. 31 

Feb.  1  


268 
286 


260 


206 
206 


156 


Puta«. 


Pu^■«^-p^eaaure  '    Urlqe  in 
X  Pulse-rale.      24  hour«. 


92  rmQ  1600 

84  7490 

1  ttig.strophaii thin  intra venoualy 
Diuresis  begin."* 

80       [        7904        I     e050 


Dygpncpa  increasing. 
Puis©  feels  larger. 


j  No  feeling  of  cotwtrio- 
I    tion.     Sleeps   weU. 


CEidema  almost  diiiappoarcd. 

(Edema  completely  disappeared , 

Patient  makes  uninterrupted  recovery  with  no  further  medication. 
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SQUILLS  AND  STROPHANTHUS. 

The  other  members  of  the  digitalis  series  which  are  of  the  greatest  chnical 
importance  are  strophanthus  and  squilk.  The  (atter  is  of  some  value  in 
patients  whose  stomachs  do  not  tolerate  digitalis,  for  it  exerts  a  very  similar 
action  upon  the  heart,  but  has  lej^s  tendency  to  produce  nausea  and  vomiting. 
It  is  also  given  along  with  digitalis  and  calomel  in  Addison's  (Nienieyer's) 
and  Mackenzie's  pills,  the  latter  of  which  is  preferable  on  account  of  the 
smaller  dosage. 

Strophanthus  possesses  all  the  actions  of  digitalis  except  that  it  causes 
considerably  less  vasoconstrictions  than  the  latter,  ami  consequently  strength- 
ens the  heart  without  imposing  so  much  strain  upon  it. 


VABOCONBTaiCTION 
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Fio.  132.  — Effett  of  digitolia  on  cardiac  tonicity  in  the  dog.  CExpcrimf>nt  by  Dr,  Cameron.)  Upper 
curve,  vulunio  of  the  hiod  leg,  taken  witb  a  plothysmograpb,  showinc  vaoocaastnclion;  aenoDd  curve, 
votume  of  tlie  vcntrirlea;  lower  curve.  blood-proMure  taken  with  the  Huerthle  tnembraoe  m&nomeler. 
Time  in  aecunda.  A  amiLtl  dose  of  tincture  of  digitalii  injected  into  the  jueutitf  %'cin  at  the  arrow.  Tba 
effect  upon  tonicity,  r+,  outlaala  both  the  rise  in  blood-pressure  and  the  vasoconstriction. 


There  has  been  a  great  deal  of  discussion  regarding  the  activity  and 
toxicity  of  strophanthus  preparations,  and  a  number  of  ca.ses  of  strophanthus 
poisoning  have  been  reported  on  the  one  hand  and  of  comparative  inactivity 
on  the  other. 

This  uncertainty  of  action,  as  Hatcher  and  Bailey  have  shown,  is  due 
to  the  fact  that  strophanthin,  the  active  principle,  is  absortjed  very  irregularly 
from  the  digestive  tract;  so  that  under  certain  circumstances  several  doses 
may  be  entirely  unabsorbed  in  the  intestine,  antl  under  others  may  be  al>- 
sorbed  with  fulminant  rapidity  and  four  or  five  times  tiie  usual  dose  may 
suddenly  become  active.  When  injected  intravenously  or  intramuscularly, 
however,  strophanthus  acts  with  great  rcgiilarity,  and  in  a  very  large  series 
of  experiments  by  Hatcher  and  Bailey  to  determine  the  toxicity  of  strophan- 
thin the  limit  of  variation  was  three  per  cent. 

Albert  Fraenkel  has  shown  that  very  striking  effects  may  be  obtained 
clinicaHy  within  a  few  minutes  after  the  intravenous  injection  of  0.5  to  I  mg. 
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(gr*  Tii  ^0  ^ff)  of  amorphous  stropUaiithin  (of   Boetiringer  or  Merck),  or 
about  one  half  that  dose  of  the  crystalline  strophanthin  (Thorns)  (ouabain?).' 

An  example  of  Fraonkel's  r<'markahlo  thcrupculip  cfFocla  inuy  bo  quoi»'*l  lu-re: 

Patient,  ajj;o<i  57,  mule,  udrnittcd  fo  StrassbiirK  Hospital  Xovpinbrr  17.  lOOo.  Had 
rheumatic  fovor  in  IfSGl)  ami  attain  in  l.S8(l.  Palpilalion  \\hen  at  work,  and  occasionid 
swelling  of  legs  since  ll)(X).    Drinks  ronsidcrnbiy. 

Present  CoiuJilion. — 0>iisidcTfible  a'dema  of  lcg^5,  thigha,  and  srrotum.  McKlerate 
aecit«^8.  Dulnesd  and  diminishttl  brtiith  »ounda  over  right  base.  X-ray  shows  Ijoart  shadow 
enlarged  to  left  and  right:  dyiianuc  dilatation  of  aorta.  Pulse  irregular,  104  per  minute, 
maximum  prc.Hsure  IhO.  Pu!v.  folia  digitalis  0.1  Gm.  (IJ  gr.)  three  times  a  day  brought 
pul.se  down  to  86  in  4  days,  to  76  in  G  days,  increasing  diuresis  from  2000  to  4500  and  580O 
respectively. 

Another  atlai'k  of  pain  in  joints  on  Deeember  ] ;  left  rlinio  "improved"  on  Deoenabcr 
11.  Returni'<l  January  25,  ItXJO.  CEdenui  as  before;  a.soites  inarkwl — abdomen  H)S  cm. 
in  circumference.  Liver  palpable  four  fingers'  breadth  below  costal  margin,  fcrpleen  pal- 
jmblc.  Dulnesa  and  diminiiiheil  fremitus  over  ba.se  of  right  lung.  Heart  dilated  more  thu.n 
before;  impulse  not  palpable;  first  ^ounrl  at  ttf)ex  re(lu|jlicated;  6e<'ond  accent uatetl,  espe- 
cially over  pulmonic  area.  Sligiit  gallop  rhythm.  Heart  action  rapid  and  reguliU".  Marked 
orthopna^i  and  very  distressing  cough.    Patient  has  had  no  sleep  for  eeveral  nights. 

The  following  table  shows  the  effects  of  the  intravenoiw  adininiHlration  of  strophan- 
thin  upon  hia  blood -pressure,  urine  output,  and  symptoms.  The  product  of  pulse-pressure 
and  puLse-rate  furniahea  a  very  rough  index  of  the  velocity  of  blood-flow. 

Fraenkel's  observations  have  been  confirmed  by  Otfried  Miiller,  Flei.sch- 
manni,  Bailoy,  antl  a  host  of  others;  and  strophanthin  may  be  said  to  have 
pa-^setl  ilie  extxTimental  stage  and  to  have  reached  general  clinical  use.  It 
may  be  p:iven  either  as  one  or  two  single  doses  intravenously,  or,  when  pro- 
longed action  is  desired,  particularly  when  digitalis  is  not  well  borne,  it  may 
be  given  in  email  daily  doses  {\  to  i  mg.  crystalline  strophanthine  Thorns) 
injected  very  deep  into  the  muscle.  The  site  of  injection  must  also  be  massaged 
for  a  few  minutes  after  the  injection. 

As  a  rule,  the  intravenous  injection  of  strophanthin  does  not  cause  any 
discomfort  to  the  patient;  but  if  the  injection  m  not  made  directly  into  the 
lumen  of  the  vein  and  any  of  the  fluid  enters  the  wall  or  the  perivascular 
tissues,  it  may  give  rise  to  considerable  pain.  Occasionally  the  injection 
may  be  followed  l)y  a  severe  chill  and  transitory  fever. 


CLINlCiL   APPLICATION   OF   DRUGS   OF  THE   DIGITALIS   SERIES. 

Although  it  is  probably  true,  as  Wenckebach  has  put  it,  that  "  every 
man  has  ht.s  own  way  "  of  using  digitalis,  it  may  be  said  in  general  that  digitalis 
should  be  given  for  dilatation  of  the  ventricles  and  fibril- 
lation of  the  auricloH. 

As  was  already  shown  by  Withering,  it  is  the  drug  par  excellence  for  ascites, 
anasarca,  and  broken  compensation;  anil,  when  these  contlitions  are  met 

'  Difficulty  is  often  encountered  in  making  an  intravenous  injection,  either  because 
the  vein  is  small  or  because  it  Flips  under  t  he  needle,  In  order  to  obviate  this,  J.  J.  Watson 
suggc-it 9  anchoring  the  vein  by  transfixing  it  with  an  ordinary  sewing  needle  thnwt  through 
the  skin  and  the  wall  of  the  vein  and  partly  out  through  the  skin.  The  hypodermic  needle 
may  then  be  inserted  readiily  into  the  vein,  the  injection  made  without  difficulty,  and  par- 
ticularly without  escape  of  strophanthin  into  the  perivascular  tissues. 
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with,  its  prompt  use  may  Ipad  to  almost  imhoped-for  improvement.  In 
these  cases  it  acts  in  part  by  its  direct  action  on  the  heart,  increasing  the 
strength  of  the  heut  and  tonicity  of  the  heai-t  muscle,  and  in  part  by  improv- 
ing the  circulation  through  Urabs  and  kidneys  and  by  its  diuretic  action,  all 
of  which  become  important  factors  in  removing  oedema. 

Owing  to  the  marked  effect  in  increasing  cardiac  tonicity,  digitalis  and 
its  congeners  also  find  their  usefulness  in  all  cases  of  permanent  or  transitory 
dilatation  of  the  heart  lx»fore  the  trouble  has  gone  on  to  an  actual  break, 
wiiether  of  long  standing  or  acute.  There  is  no  reason  to  wait  for  loss  of 
compensation.  Dilatation,  in  itself,  accompanied  as  it  is  by  a  tendency  to 
easy  overstraining,  represents  a  condition  of  lowered  tonicity  and  is  best 
treated  by  digitalis.  No  bettor  exaoiples  of  this  can  te  cited  than  the  excel- 
lent results  obtained  by  Da  Costa  in  the  overworked  soldiers  of  the  Civil 
War,  whom  digitalis  and  rest  promptly  returmnl  to  their  normal  strength. 

In  valvular  disease  digitalis  ia  not  required  when  the  lesion  is  fully  com- 
pensated and  the  patient  free  from  symptoms,  but  it  should  bo  used  vigor- 
ously whenever  sjinptonis  present  themselves  even  in  transitory  attacks. 

In  chronic  valvular  di.sease  with  broken  compensation  its  action  cannot 
always  be  prophesied,  for  in  certain  cases  the  expect^^l  effect  may  be  entirely 
absent.  This,  as  Mackenzie,  Lewis,  and  Windle  have  shown,  is  especially 
true  in  ca.ses  of  mitral  steno*5is  with  rapid,  regular  heart-rate,  in  which  most 
probably  the  vagi  are  paralyzed  and  atrophied  and  in  which  the  action  of 
digitalis  on  ventricular  tonicity  is  of  minor  importance. 

The  exiieriments  of  Cloetta  and  Gelbart  would  indicate  that  in  early 
aortic  lesion*?,  even  wlien  apparently  compensated,  a  prolonged  treatment 
with  digitalis,  lasting  several  months,  increases  the  strength  of  the  heart 
and  does  much  to  safeguard  it  agaii\st  overstrain.  It  is  most  important, 
however,  to  guard  agaiiist  any  great  cumulative  action  of  the  drug  in  such 
cases.  After  the  first  few  days  of  treatment  the  single  doses  should  be  small, 
and  the  pulse  should  be  carefully  watched  for  the  onset  of  bradycardi-x  or 
arrhythmia. 

Digitalis  in  Arrhythmia, — As  has  been  seen,  tiie  usefulness  of  digitalis 
depends  upon  the  nature  of  the  arrhj-ihrnia.  In  cases  of  respiratory  arrhyth- 
mia it  is  not  needed  unless  the  heart  is  definitely  dilated,  and  indeed  it 
tends  to  exaggerate  tJiis  form  of  arrh>'tlm]iia  itself  througii  its  action  U[>on 
the  vagi. 

The  action  in  heart-block  will  be  discussed  in  a  later  chapter  (page  585), 
but  in  general  it  may  be  stated  that  digitalis  is  definitely  contraindieated  in 
partial  heart-block  or  in  cases  with  delnyed  conduction  (a-c  interval  on  the 
venous  i>ulse  or  P-R  interval  on  the  electrocardiogram  proIonge<l).  In 
complete  block,  howcATT,  where  the  impulses  from  the  auricles  and  the  influ- 
ence of  the  vagi  no  hmger  reach  the  ventricle,  the  experiments  of  Erlanger 
with  digitalis  and  the  clinical  experience  of  Bachmann  with  strophanthin 
and  of  Hewlett  and  Barringer  with  digitalis  indicate  that  drugs  of  this  series 
increase  the  automaticity  of  the  ventricle  and  thus  tend  to  prevent  the  cessa- 
tion of  the  pulse.  I'p  to  the  present,  however,  too  few  cases  of  this  sort  have 
Ix'en  reiKjrted  for  the  exact  sphere  of  its  usefulness  and  its  limitations,  its 
indications  and  contraindications,  to  be  definitely  defined,  and  in  all  such 
causes  the  drug  should  be  used  with  caution. 
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In  cases  of  alternating  pulse  digitalis  is  usually  indicated  to  increase  the 
force  of  the  con  tractions,  of  which  the  alternating  is  in  iteelf  an  ejq)re8«ioii 
of  weakness. 

Though  extr asystoles  from  increased  irritability  may  bt»  brought  on  by 
digitalis,  extriisystolcs  in  a  fliljite<l  heart  arc  usually  relieved  by  it  in  propor- 
tion to  the  relief  of  tlie  chlatation. 

It  is  in  the  absolute  arrh>ihniia  from  auricular  fibrillation  (arrh^'thmia 
perjietua,  formerly  designated  by  Mackenzie  as  "nodal  rhv-thm"),  however, 
that  digitalis  exerts  its  most  favorable  influence  (Mackenzie,  LeT^is,  Cushny, 
Edens,  Windle).  In  this  condition  it  has  the  same  action  as  pressure  on  the 
vagus  (Wenckebach).  It  tloes  not  remove  the  irregndarity,  except  when  this 
is  in  itself  of  tran>*itor>'  duration;  but  it  shows  the  rate  of  the  ventricles,  either 
indirectly  through  inhibiting  the  fibrillation  of  the  auricles  which  are  the 
pacemakers,  or  by  depressing  the  conductivity  of  the  His  bundle  so  that  the 
feebler  impulses  generated  in  the  auricles  no  longer  reach  the  ventricles  and 
only  the  greater  stimuli  Income  active.  It  is  only  in  rare  cases,  formerly 
ti^med  by  Mackenzie  ''essential  bradycardia'*  or  ''nodal  bradycardia,'* 
that  this  blocking  becomes  complete,  but  in  the  ordinary  cases,  slow  irregular 
heart-rate  following  the  administration^  the  impulse  for  each  contraction  of 
the  ventricles  still  arises  in  the  auricles. 

Mackenzie,  Lewis,  and  Windle  have  shown  that  the  beneficial  action 
is  often  greatest  when  the  pulse-rate  is  rendered  extremely  slow  (50  to  60 
per  minute). 

In  order  to  obtain  this  result  large  doses  may  have  to  be  administered 
for  a  considerable  period  of  tune,  and  the  patient  may  entirely  miss  the 
benefits  if  half-hearted  therapy  is  re-sorted  to.  Windle  estimates  that  from 
five  to  eight  drachms  (20  to  30  c.c.)  of  the  tincture  may  have  to  lie  mlminis- 
tiTcd  in  fifteen-minim  (1-c.c.)  doses  during  a  period  of  about  ten  days  before 
the  maximal  slowing  sets  in. 

The  WTiter  has  found  that  with  doses  of  fifty  minims  of  the  tincture 
this  result  C!m  usually  te  obtained  in  two  or  three  days.  This  corresponds 
to  the  total  amount  given  by  Windle.  Egglestfm  administers  half  the  entire 
amount  in  his  first  dose  and  then  gives  an  e^tual  amount  more  in  three  or 
four  d(jse8  through  the  first  twenty-four  hours  and  obtains  the  effects  within 
twenty-four  hours. 

Certain  patients  whose  heart  muscles  have  undergone  too  great  degen- 
eration do  not  react  at  all  to  the  {Irug,  and  the  rapid  irregular  heart-rate 
continues  in  spite  of  its  use;  but  until  the  drug  has  Ijeen  pushed  to  its  limits 
it  is  very  diflficult  to  foretell  whether  one  is  deahug  with  a  patient  who  would 
respond  to  a  sufficient  dose  or  one  in  whom  response  is  no  longer  ix)s.sible. 

In  contrast  to  the  effects  obtained  in  broken  compensation  from  valvular 
disease,  which  dejx'nd  upon  increjised  tonicity  and  increased  force  of  con- 
traction, the  effects  obtained  in  auricular  fibrillation,  w^hich  depend  chiefly 
upon  tile  slowing  of  the  heart  and  the  partial  blocking  of  the  impulses,  do 
not  outlast  the  period  of  administration,  but  the  tachycardia,  dyspncea,  and 
weakness  are  often  resumed  within  a  couple  of  days  after  the  digitalis  is 
stopped.  The  drug  mast,  therefore,  be  continued  even  after  the  patient 
is  up  and  alwut,  iind  the  amount  then  given  is  determined  by  permittmg  the 
patient  to  vary  his  own  dose  to  find  out  the  one  at  which  he  feels  most  vigorous. 


Heart-block  tesultlof  from  proionBed  use  of  di^t&lis  and  removed  by  atropinq,  (Kiudncssof  Dr.  R.  E. 
Moms.)  A,  elortrorbrdioKTam  taken  on  June  21,  1910.  ahowiaK  rapid  heart  rate  but  normal  seqiivnoe. 
B,  filoctrocardioKraR)  from  aume patient  taken  on  June  28th,  af tejrpralotiged use  of  difotalia,  ahoi\-ing  complete 
heart-block.  C,  elertrocardiogram  from  aaiuo  patient  on  June  2Bth,ODe  hour  after  the  hypodermic  ad  minis- 
intion  of  atropine  aulphate,  gr.  A,  ehowins  dkappeoronce  of  the  he«n-blook.  CoaduoUon  time  (P.-R. 
iatervol)  remalna  long. 
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Sir  Clifford  AIll>ntt  recominends  that  it  be  given  in  an  iced  drink.  The  iLseof 
any  of  these  disguises  frequently  minimizes  the  gastric  disturbances  resulting 
from  the  drug,  though  vomiting  jf  central  origin  finally  results  (Hatcher). 

Rectal  Administration. — When  the  gastric  s^Tnptoms  persist  in  spite] 
of  these  precautions,  the  drug  may  be  administered  per  rectum,  being  givful 
in  100  C.C.  physiological  salt  solution  with  a  little  starch.  This  method  is 
very'  satisfactorj^  (Janeway),  Dr.  Finley  informs  the  writer  that  he  ha.s  seen 
the  pulse-rate  slowed  and  the  patient's  condition  greatly  improve<l  within 
two  hours  after  the  administration  of  digitalis  per  rectum,  whereas  the  effect 
rarely  follows  administration  \iy  mouth  in  less  than  twenty-four  hours. 

Intramuscular  and  Intravenous  Administration. — In  order  to  insure  very 
rapid  and  certain  absorptiun,  tligi talis  tincture  or  the  more  elaborate  prc|)ara- 
tions,  such  ius  digitalin,  digalen  or  digipuratum.  imiy  be  injecteid  into  the 
gluteal  or  lumbar  nui.seU'S.  The  injection  should  Itms  very  deep  and  the  site 
should  l>e  massaged  vigorously  for  ten  or  fifteen  minutes  afterwards  in  order  to 
insure  absorption,  for,  if  the  injection  remains  unabsorbed,  it  acts  as  an  irritant, 
and  not  only  intense  pain  but  the  formation  of  a  large  abscess  may  result.  It 
may  also  Ix*  injected  into  the  vein  mi  tier  the  usual  aseptic  precautions. 

Inhalation  of  Digitalis  and  Strophanthus. — J.  Moczutski  (Wiener  Klin. 
Wchnschr.,  HH4,  H\)  h;us  obtained  excellent  and  prompt  result*  by  inhalation 
of  1  c.c.  tincture  of  strophanthus  daily  administered  by  means  of  an  atomizer 
spray  under  pressure,  J.  Riegel  in  the  pharmacological  laborator>'  of  the 
University  of  Minnesota  luis  demonstrated  that  tincture  of  dIgitaUs  adminis- 
tered intratruehi'ally  in  tliis  way  to  animals,  acts  immediately,  but  the  writer 
has  found  it  so  irritating  that  in  rabbits  it  sets  up  a  bronchopneumonia. 

Period  of  Administration. — In  the  administration  of  digitalis  it  is  impor- 
tant to  obtain  a  definite  effect  an<l  yet  not  to  push  the  drug  l>eyond  the  first 
stage  of  its  activity — that  i>f  slowing  antl  increase  in  size  of  the  pulse — and 
to  avoid  the  onset  of  the  second  stjtge,  i.e.,  of  irregularity.  Since  different 
heaits  varj^  in  their  susceptibilit)'  to  digitalis,  and  since,  on  the  other  hand, 
the  drug  begins  to  act  only  after  twenty-four  hours  and  may  have  a  cumula- 
tive effect,  this  task  is  l>y  no  means  easy.  To  avoid  the  onset  of  toxic  effects 
various  routine  ntethods  may  be  resorted  to.  Thus,  Professor  Osier  and 
other  authorities  recommend  giving  the  drug  in  "courses'*  consisting  of 
eight  doses  of  15  minims  of  the  tincture  (0.1  Gm.  or  l^  gr.  digitalis)  every 
four  hours.  The  course  is  to  be  repeated  if  necessary.  It  may  be  said  that 
this  method  often  falls  short  of  the  effect  or  brings  it  about  too  slowly.  The 
WTiter  hnii  found  it  verj^  satisfactory  to  order  "0.3  c.c.  (5  minims)  of  the 
fluidextract  three  times  a  day  until  the  pulse-rate  reaches  80,  when  It  should 
be  discontinued  without  the  necessity  of  a  special  order."  Albert,  Fraenkel 
suggests  giving  several  strong  doses  equivalent  to  0.1  Gm.  (2  gr.)  of  powden'd 
digitalis  (about  twice  the  usual  dose.  2  c.c.  or  30  minims  of  (he  tinctura 
digitalis)  to  insure  prompt  effect  (slowing  of  the  pulse) ,  and  1  hereafter  drof)- 
ping  to  steady  dosage  of  .03  Gm.  (I^gr.,  0.5  c.c.  or  ?■>  minims  of  the  tincture) 
to  prevent  cumulative  but  retain  the  therapeutic  effect.  This  seems  to  be 
the  most  satisfactory  method,  since  it  insures  not  only  the  immediate  but  a 
permanent  effect.  Indeed,  in  many  chronic  cases  '  'the  strength  of  the  heart 
begins  to  fail  a  short  time  after  lea\ing  off  the  digitahs.  Here  the  continuous 
use  of  digitalis  (0.05  Gm.  or  1  gr.  digitalis),  as  recommended  by  Kussmaul, 
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Naim\T3,  and  Groedel,  for  months  and  even  years,  has  an  admirable  effect 
in  ke^^pinp^  the  cartliat'  activity  at  its  necessary  height"  (Romberg). 

Derivatives  of  Digitalis, — Although,  as  Fraenkel  has  shown,  the  purified 
glucosides  uf  digitahs  have  no  great  advantage  over  the  crude  drug,  they 
have  enjoyt'fi  considerable  vogue. 

Digitalin,  the  glucoside  first  introdueed  into  practice,  still  enjoys  a 
iDertain  favor.  The  ordinary^  digitalin,  or  **(-rerman  digitalin"  of  ooninierce,  is 
k  very  variable  product,  and  it  is  only  the  purified  digitaline  or  digitalinum 
verum  of  Kiliani  which  is  worthy  of  recommendation. 

Of  late  digitalin  htis  been  largely  replaced  by  digito.Kin,  e.-^pecially  in  the 
form  of  the  digitaline  Nativelle  granules  {pure  digitoxin),  whieh  are  warmly 
recommended  by  Mackenzie  and  the  Fretieh  writers,  and  iti^  Cloetta's  **diga- 
len"  (soluble  digitoxin)  or  in  Ciottliebls  digitonin-free  tiigipuratum  (tUgi- 
talia  purified  from  liigitonin).  The  claims  that  the  former  substance  does 
not  act  upon  the  stomach  and  also  that  it  is  a  preparation  of  great  stability 
have  both  been  largely  repudiated,  and  Hale  and  others  have  found  that  the 
samples  of  digalen  on  the  market  are  about  as  liable  to  deterioration  as  an 
ordinary  digitalis  preparation. 

Otfried  Miiller  hjts  found  that  the  intravenous  injection  of  1  c.c.  (15 
minims)  of  iligalen  has  no  influence  upon  the  vasomotor  nerves  of  the  arm  in 
man,  jus  shown  l)y  the  plethysinograph,  and  very  little  effect  upon  the  blood- 
pressure.  He  lx4ievps  that  its  action  is  similar  to  that  of  stropliunfliin  intra- 
venously, only  that  it  is  less  powerful  and  less  rapid.  Albert  Fraenkel,  on 
the  other  hand,  regards  this  as  merely  a  matter  of  dosage,  but  bt-lieves  that 
strophanthin,  owing  to  its  more  definite  chemical  composition,  can  be  gauged 
more  accurately. 

In  digipuratum,  a  preparation  introduced  into  practice  by  Gottlieb  and 
Hoepffner  in  1908,  the  aiias  sought  for  in  the  preparation  uf  digalen  seem  to 
have  been  realized  to  a  much  greater  extent,  as  is  iutUcatetl  by  the  favorable 
comments  of  Mueller  anfl  Clemens  in  Cermany,  Tissot  in  France,  Szinnei 
in  Austria,  and  Boos  and  his  associates  in  America.  The  writer's  exi>erience, 
however,  does  not  bear  this  out,  and  Hatcher  has  produced  vomiting  move- 
ments by  intravenous  injection  in  gastreetomizetl  animals  with  digipuratum 
in  the  same  way  as  with  other  digitalis  preparations.' 

Digipuratum  is  usually  administered,  as  Hoepffner  suggested,  in  courses 
of  twelve  tablets  of  O.l  Gm.  (gr.  iss)  each. 

STROPHANTHIN. 

Where  rapid  intense  action  is  required,  as  in  a  badly  failing  heart  in 
which  an  immediate  result  is  required,  strophanthin  or  ouabain  is  the  tb*ug 
of  choice,  and  should  be  administered  intravenously,  beginning  with  a  dose 
of  0.5  rag.  (gr.  tIh)  of  the  iuiiorphous  .strophanthin,  or  0.25  mg.  (gr.  ^in)  of 
the  crystalline  ouabain;  may  be  repeated  withhi  an  hour  if  no  effect  has  been 
noted.  Care  must  be  taken  to  be  certain  the  patient  has  not  been  taking 
digitalis  before  the  injection,  lest,  as  Fraenkel  has  observed,  a  sudden  cumula- 
tive action  set  in  whose  consequences  may  l>e  grave  or  even  fatal.    Otfried 

Mtlller  has  seen  a  cerebral  hemorrhage  set  in  in  a  patient  with  chronic  nephritis 
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following  an  intravenous  injection  of  strophanthin,  and  Fraenkel  warns 
against  its  use  in  eases  of  chronic  hj'pertcnsion  for  fear  of  throwing  too  sucidea 
a  strain  upon  the  heart.  On  the  other  hand,  hearts  whose  muscles  are  ia 
good  condition  may  have  a  much  greater  tolerance  for  strophanthin;  and 
LiebcrmeistiT  lias  given  as  much  as  4  mg.  (gr.  -^5)  ill  twenty-four  hours  to 
patients  vnih  pneumonia  without  any  ill  effects. 

In  ordinary  caHcs  the  intravenous  or  intramuscular  injection  of  strophan- 
thin is  reserved  for  emergencies,  and  especially  to  cover  the  period  during 
which  no  effect  could  be  expected  from  the  administration  of  digitalis  by  the 
mouth,  80  that  io  most  cases  the  oral  administration  of  digitalis  may  begin 
at  once,  allowing  its  effects  to  begin  about  the  time  that  those  of  the  strophan- 
thin wear  off.  In  patients  whose  condition  is  very  grave,  however,  and 
especially  in  those  in  whom  absorption  from  the  intestinal  tract  is  uncertain, 
it  is  better  to  rety  entirely  upon  the  strophanthin  and  make  daily  intra- 
muscular injections  of  a  single  dose,  leaving  the  digitalis  off  altogether  until 
the  period  of  emergency  of  uncertainty  is  over. 
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DIGITALIS  AND  TIIE  NITRITES. 

As  has  been  stated,  the  drugs  of  the  digitalis  series  strengthen  the  fcwce 
of  the  heart-beat  and  increase  its  tonicity,  and  thus  enable  tlie  dilated  heart 
to  empty  itself  better  into  the  blood-ves,sels  and  prevent  it  from  overfilling 
during  dia.stole.  This  in  itself  usually  suffices  to  return  the  circulation  to  it« 
norm'd  state,  but  in  many  cases,  esipecially  in  acute  a-dema  of  the  lungs  and 
in  failure  of  the  left  ventricle,  with  hypertension,  and  especially  in  the  attacks 
of  cardiac  asthma  of  aortic  insufficiency,  it  is  advisable  to  lighten  the  burdei 
upon  the  heart  still  further  by  dilating  the  peripheral  arteries. 

The  best  drugs  for  this  purpose  are  those  of  the  nitrite  series  (amy! 
nitrite,  nitroglycerin,  sodium  or  potassium  nitrite,  erythroltetranitrate), 
whose  action  will  be  discussed  in  detail  in  a  later  section. 

In  using  these  drugs  in  conjunction  with  those  of  the  digitalis  series  it 
must  be  remembered  that  the  heart  does  its  best  work  when  the  general 
blood-pressure  is  high  enough  to  maintain  a  good  blood  flow  through  the 
coronary  arteries  and  the  respiratory  centre  in  the  medulla,  and  that,  owing 
to  varying  degrees  of  arteriosclerosis  and  arterial  elasticity,  the  optimum  will 
he  different  in  each  individual.  Nevertheless  a  certain  amount  of  relief  may 
be  afforded  to  the  majority  of  cases  provided  care  is  taken  not  to  pass  below 
the  optimum.  It  must  be  remembered,  moreover,  that  for  cases  of  increased 
intracranial  pressure,  apoplexy,  cerebral  sclerosis  in  which  the  vaso-constrio- 
tioii  and  high  blood-pressure  are  the  result  of  an  attempt  at  physiological 
compensation,  this  optimum  pressure  may  lie  at  a  very  high  level,  and  at- 
tempts to  reduce  the  blood-pressure  may  actually  do  harm.  However,  in 
the  more  acute  conditions  of  high  pressure,  high-pressure  stasis,  reflex  eleva- 
tions of  pressure,  vasomotor  crises,  etc.,  these  phenomena  are  not  compensa- 
tory but  accessory  reflexes,  and  to  relieve  them  lessens  the  work  of  the  heart 
without  disturbing  any  es.'^ential  condition;  so  that  lowering  the  peripheral 
resistance  may  relieve  the  burden  on  the  heart  almost  as  much  as  increasing 
the  strength  of  the  latter,  and  the  optimum  is  attained  when  both  are  accom- 
plished at  once.  This  desirable  condition  is  further  enhanced  by  the  fact  that, 
as  Cameron  has  shown,  amyl  nitrite  and  nitroglycerin  augment  the  tonicity 
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the  heart  muscle,  and  thus  add  their  effect  to  that  of  the  digitalis;  the 
more  so  since,  in  accordance  with  a  well-knoAvn  pharmacological  principle, 
the  effect  of  two  dnigs  exerting  the  same  action  atlministered  simultaneously 
is  greater  than  the  sura  of  the  two  components  acting  separately. 

The  ideal  combination  of  these  drugs  for  speed,  harmony,  and  intensity 
of  action  is  the  injection  of  strophanthin  and  nitroglycerin  simultaneously, 
for  the  former  exerts  little  action  upon  the  peripheral  vessels  and  both  sul)- 
stances  unfold  their  action  at  about  the  same  period  after  injection.  In 
attacks  of  cardiac  asthma,  particularly  in  cases  of  aortic  insufficiency,  this 
combination  of  drugs  may  give  great  relief.  Their  action  may  further  be 
strengthened  by  venesection  and  inhalation  of  oxji-gen,  according  to  the  method 
of  Hill  and  Mackenzie,  for  in  cases  of  severe  heart  failure  the  btjst  results  are 
obtained  by  firing  all  the  weapons  of  defence  in  one  broadside.  In  this  way 
the  excess  of  residual  blood  is  pumped  out  of  the  dilated  heart  and  the  latter 
allowed  to  return  to  normal  volume.  It  is  at  the  normal  volume  that  the 
heart  pumps  to  best  advantage.  If  it  is  still  possessed  of  any  recuperative 
power,  it  is  enabled  then  to  assert  itself,  far  letter  than  if  the  same  meaj^ures 
were  applied  singly  at  long  intervals,  so  that  the  dilated  heart  is  depleted  a 
little  by  one  measure,  allowed  to  refill  to  the  original  degree  before  the  next 
is  applied,  responds  a  second  time  to  a  slight  degree  but  insufficient,  and, 
still  working  at  a  disadvantage,  again  IxTomes  clilated  as  it  was  before  the 
beginning  of  treatment. 

Contraindications  to  Digitalis. — However  valuable  the  8u1)stances  of 
the  digitalis  series  may  be  in  the  above-mentioned  conditions,  there  is  a  con- 
siderable group  of  cases  in  which  they  are  useless  or  positively  harmful.  This 
is  especially  true  for  hearts  in  acute  intoxications,  either 
from  acute  infectious  diseases  or  from  the  action  of  poisons 
or  from  acute  fatty  degenerations  from  other  causes. 

In  these  conditions  digitalis  usually  fails  to  exert  its  characteristic 
responses;  partly  because  the  disturbance  in  the  circulation  lies  chiefly  in  the 
peripheral  vessels  rather  than  in  the  heart  itself ;  partly  because  the  vagi  are 
less  active  than  normally  so  that  the  drug  cannot  exert  its  action  through 
this  channel;  and  partly  because  the  degenerated  heart  muscle  is  sensitive 
to  further  strains  upon  it. 

On  the  other  hand,  the  acutely  degenerated  heart  muscle  seems  hyper- 
sensitive to  digitalis  and  readily  passes  into  the  toxic  stages  of  digitalis  action 
(see  page  312).  This  may  be  analogous  to  the  fact,  demonstrated  by  Loeb 
and  Fleisher,  that  two  toxic  substances  acting  simultaneously  maj^  produce 
degenerations  of  the  heart  muscle  wiiich  could  not  l>e  attahied  by  either  of 
them  acting  alone,  for  the  toxic  agent  giving  rise  to  the  degeneration  repre- 
sents one  of  these  factors  and  the  digitalis  represents  the  other. 

Clinical  experience  is  in  harmony  with  these  results,  as  the  cases  cited 
on  pages  319  and  321  bear  witness;  tmd  in  such  cases  the  drugs  of  the  digitalis 
series  if  given  at  all  must  l)e  jwiministered  with  extreme  caution. 

Another  condition  in  which  these  substances  are  contraindicated,  as 
stated  above,  is  partial  heart^block,  for  digitalis  is  likely  to  bring  on  complete 
block  suddenly  and  with  it  there  is  dfinger  of  an  attack  of  the  Adams-8toke9 
syndrome.  The  question  of  the  advisability  of  digitalis  in  complete  heart- 
block  is  still  an  open  one  and  is  discussed  on  pages  585  and  586. 
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HALLUCINATIONS   FROM    DIGITALIS. 

Another  toxic  elTrft  of  iligitatis  lie.s  in  the  production  of  mental  sjTnp- 
toms,  ck'liriuni  and  delusions,  through  its  action  on  the  central  nervous 
system  (Durozifz,  Hall,  see  page  228).  The  onset  of  these  s;yTnptoins  there- 
fore constitutes  a  contraindication  to  continuing;  the  drug. 

STRYCHNINE. 

PREPARATIONS. 

Str\'chninp  {strynhnina)  is  an  alkaloid  obtainwl  from  nux  vomica.  Tincture  nucis 
voniicaj  contains  2  per  cent,  extract  of  nux  vomica  and  is  assayed  to  contjiin  0.1  per  ct-nt. 
atrj'chnine.  It  is  usf^ful  inoro  aa  a  stomachic  bitters  than  us  a  cardiac  .-itimulaiit.  Dose, 
1-2  V.C.,  1.5  to  30  iniriimH. 

Strychnin^'  sulphas  contains  .5  molecules  of  water  of  crj'atallization  and  78  per  cent, 
of  strychHine,  suluble  in  S  pnrts  ri.f  wntor    Average  clnsc,  0.00]  .">  dm.  (^  gr. ! . 

Strj-^chninai  nitras  is  soluble  in  42  parts  of  water  and  120  parts  alcohol.  Dose,  same 
as  sulphate. 

PHARMACOLOGICAL   ACTION   OF  STRYCHNINE. 

Effects  of  Strychnine  on  Cardiac  Tonicity, — P.  D.  Cameron  investigated 

the  effect  of  strychnine  upon  the  volume  of  the  dog's  heart  and  foun<l  that 
in  doses  of  .03  mg.  per  kilo  (c<irre.'*ponding  to  2  mg.  for  a  man)  strychnine 
always  produces  a  small  diminution  ki  the  volume  of  the  heart.  That  this 
is  probjibly  due  to  diminished  inflow  from  the  veins  secondary  to  general 
vasoconstriction,  rather  than  to  a  definite  increase  in  tonicity,  has  been 
sho^vii  by  the  more  recent  unpublished  experiment^s  of  Messrs.  Larson, 
MattMon,  Lineer  and  S])rafka  in  the  Pharnmcologieal  I^lxirat'firy  of  the  Uni- 
versity of  Minnesota.  These  observers  studied  the  effect  of  drugs  in  henrts 
dilated  by  a  slight  aortic  stenosis,  antl  found  that  in  contnist  to  digitalis, 
the  effect.s  of  injections  of  strychnine  were  variable  and  uncertain. 

Absence  of  Clinical  Effects. — The  later  observations  of  W.  P.  Lucas, 
EiL^ll  and  Means  (Arch.  Int.  Med.,  lt)14,  .\iv,  897)  and  of  L.  H.  Newburgh 
(Am.  Jour.  Med.  8c.,  WHo^  cxcix,  696)  show  the  same  lack  of  ptjsitive  effect  of 
stryc-hnine  in  clinical  doses  ujwjn  any  of  the  important  phases  of  circulation. 

Since  the  rank  anrl  hie  of  English  and  American  clinicians  entertain  an 
almost  superstitious  l)elief  in  the  efficacy  of  this  (h-ug  it  is  evident  that  each 
man  must  coniance  hinLself  by  following  a  few  cases  with  careful  detennina- 
tions  of  blood-pressure  but  only  one  set  of  observers  who  have  followed  the 
blood-pressure  carefulh'  has  come  to  any  different  conclusions. 

H.  W.  Cook  and  Briggs  working  in  the  early  dixya  of  the  narrow-cuffed 
Riva-Rocci  sphygmomaiiomet'er  and  whose  pioneer  observations  are,  there- 
fore, not  comparable  with  the  more  e,vtensive  oW^rvations  of  the  later  obser- 
vers made  with  far  better  apparatus;,  occasionally  found  rises  of  10  mm.  Hg 
following  injections  of  strychnine.  However,  this  apparatus  was  so  full  of 
experimental  errors  and  increujses  of  10  mm.  Hg  are  so  likely  to  occur  from 
pain  sensiitions  like  the  prick  of  the  hypotlcrmic  needle  that  their  quf^stion- 
able  results  are  not  to  be  held  out  against  the  consensus  of  later  workers 
upon  larger  series  of  ea-ses  with  Ijetter  apparatus. 

The  results*  of  all  thef*e  investigations  indicate,  therefore,  that  strychnine 
should  not  b<;  ranked  at  all  with  the  heart  stimulants  and  that  much  more 
harm  than  gootl  results  from  placing  any  reliance  whatever  upon  it  when  a 
real  heart  stimulant  is  needed. 

In  spite  of  the  effects  on  Cheyne-Stokes  breathing  reported  by  Eyster, 
Edsall  and  Means  (Arch.  Int.  Med.,  1914,  xiv,  897)  find  that  the  action  of 
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strychnine  upon  the  respiratory  centre  has  been  much  exaggerated,  and  that 

when  it  is  administered  in  therapeutic  doses,  no  efTcct  on  rate,  lung  ventila- 
tion or  alveolar  CO2  could  be  disceraed  although  under  similar  conditions 
atropine  gave  a  distinct  effect. 

It  is  questionable  whether  strj'chnine  has  anj'  direct  value  as  a  cardiac 
or  even  a  respiratory  stimulant,  and  it  can  be  definitely  stati-d  that  in  neither 
of  these  respects  does  it  compare  with  fiigitaiis  or  atropine. 

The  action  of  the  heart  is  so  dependent  upon  the  activity  of  the  skeletal 
muscles,  however,  that  it  is  possible  that  doses  of  strychnine  sufficient  to 
increase  the  tone  of  the  skeletal  muscle  may  act  in  the  same  way  as  the  train- 
ing of  the  muscles  so  as  to  diminish  the  amount  of  effort  and  strain  which  a 
given  movement  or  exercise  induces;  and  in  that  way  the  drug  may  have 
some  effect  in  sparing  the  heart,  without  any  direct  effect  upon  the  circula- 
tory mechanism.  No  effect,  however,  could  be  expected  unless  the  doses 
employed  are  sufficient  to  cause  increased  reflexes. 

ATROPINE. 

Atropine  acts  by  paralyzing  the  nerve  endings  of  the  entire  automatic 
(parasympathetic)  nervous  system,  the  oculomotor  nerve,  chordi  tjTnpani, 
the  vagus  and  the  pelvic  nerves  (see  page  19).  Its  effect  is,  therefore,  to 
dilate  the  pupils,  to  dr>*  the  mouth,  to  accelerate  the  heart  and  to  diminish 
or  abolish  any  partial  or  complete  heart -block  that  may  have  been  produced 
by  over-action  of  the  vagi.  It  is  in  this  latter  regard  that  it  is  most  useful  in 
cardiac  disease,  particularly  in  relie\ing  those  blocks  which  are  due  to  mild 
digitalis  poisoning  or  for  increasing  the  heart.  raU^  in  cases  in  which  the  pulse 
rate  has  been  brought  dovm  too  low  by  the  administration  of  digitalis. 

It  is  specific  for  the  disturbances  associat<?d  with  the  clinical  symptoms 
of  vagotonic,  and  occasionally  may  cause  symptoms  of  palpitations  due  to 
that  syndrome  to  disappear. 

On  the  other  hand,  Edsall  and  Means  found  that  while  strychnine  and 
camphor  were  devoid  of  action  on  the  human  respiratory  centre,  and  caffeine 
exerted  variable  results,  atropine  caused  regularly  an  increase  in  lung  ventila- 
tion and  a  decrease  in  the  percentage  of  COj  in  the  alveolar  air,  thus  proving 
itself  a  true  stimulant  of  the  respiratory  centre.  It  is  therefore  useful  in 
Cheyne-Stokes  respiration  in  morphine  poisoning,  and  in  the  attact'js  of 
cardiac  asthma  which  are  precipi tilted  by  the  administration  of  morphine. 

On  the  other  hand,  atropine  antagonizes  the  good  effects  of  digitaUs 
in  slowing  the  heart  in  auricular  fibrillation  (Mackenzie),  but  Hirschfelder 
(unpublished  experiments)  has  shown  that  it  does  not  diminish  the  beneficial 
effects  of  that  drug  in  increasing  cardiac  force  and  tonicity,  as  shown  in 
exr>erinK'ntiil  aortic  stenosis. 

The  good  effects  of  atropine  are  often  missetl  because  it  is  administered 
in  too  small  doses.  Doses  of  j  mg.  (gr.  j^^)  are  usually  without  sufficient 
effect  and  f  mg.  (gr.  ^V)  or  1  mg.  (gr.  fV  )  must  be  resorted  to.  Unless  atro- 
pine has  been  used  in  doses  sufficient  to  cause  the  de^sirod  effect  or  else  ta 
cause  dryness  of  the  mouth  or  other  typical  sjonptoma,  one  cannot  be  certain 
that  an  efficient  dose  has  been  given. 

CAMPHOR. 

In  spite  of  the  wide  use  of  camphor  in  shock  and  in  pneumonia,  and 
in  spite  of   the  experiments  of   Winterberg,   Sehgmann   and   Gottlieb   to 
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show  that  it  tended  to  inhibit  fibrillation  of  the  ventricle  in  excised  hearts, 
accurate  clinical  observationa  have  shown  that  ciiniphor  has  no  real  place 
among  the  clinical  stimulants  of  the  heart  and  vasomotor  centre.  Cameron, 
was  unable  to  demonstrate  any  effect  on  cardiac  tonicity.  Brooks  and 
Heard  (Am.  Jour.  Med.  Sc-,1913,cxlv,  238),  in  a  very  careful  experimental  and 
clinical  study,  have  been  unable  to  demonstrate  anyeffectupon  auricular  fibrilla- 
tion,  and  Edsall  and  Means  have  found  it  likewise  without  effect  upon  the 
respiratory  centre.  Its  effect  upon  ingestion  is  probably  only  a  gastric  re- 
flex like  that  of  alcohol,  aromatic  spirit  of  ammonia  or  any  other  carminative. 
Camphor  is  a  white  substance^  soluble  in  alcohol,  ether,  and  chloroform, 
whose  structural  formula  is — 

CHa CH CH, 


CH, 


Average  dose,  0.12  Gm.  (2  gr.),  best  given  as  linimentum  cftmphoraj  (camphorated 
oil),  which  contains  30  per  cent,  of  camphor  dissolved  in  cotton-«eed  oil.  Average  doee, 
0.75  to  2.0  e.c.  (11.25  to  30  minima),  available  for  hypodermic  use  or  by  mouth. 

Spiritus  cumphone,  a  10  per  cent,  solution  of  camphor  in  alcohol.  Doae,  1  c.c.  (15 
mi  dims  J. 

Camphor,  tike  strychniuo,  rsa  stimulant  to  the  vasomotor  centre, 
but,  according  to  Cameron,  dues  not  aeera  t«  h  a  v  e  so  pronounced  an  cfTect  on  tonic- 
ity. Like  strychnine  it  also  varies  in  its  effects  on  different  individuals.  Some  peraona 
retjuire  doses  twenty  times  as  large  as  do  others  before  an  effect  sets  in,  especially  when 
the  drug  i»  given  by  mouth.  Camphor  is  most  important  for  its  use  in  shock.  It  is  given 
deeply  into  the  muscles  in  order  to  avoid  subsequent  inflammations.  It  is  not  so  valuable 
for  continuous  use.  As  recently  shown  by  Winterberg,  Seligmann,  and  Gottlieb  and 
Magnus,  camphor  has  also  a  very  distinct  action  upon  the  heart  muscle,  causing  the  fibri!- 
Iftting  excised  heart  to  revive  from  fibrillary  contractions.  After  camphor  has  been  ad- 
ministered to  a  dog  the  ventricle  {in  siiu)  can  be  thrown  into  fibrillary  contractions  by 
weak  faradic  stimuli  and  yet  recover.  On  the  other  hand,  a  direct  therapeutic  effect  upon 
the  heart  muscle  in  man  has  not  yet  been  proved. 

CALCIUM  SALTS. 
Calcium  chloride  and  other  salts  of  calcium  have  been  recommended  recently  aa 
cardiac  slimuhmts  by  Lauder  Brunton  and  other  English  chnicians.  Although  the  action 
of  calcium  upon  the  excised  heart  is  indisputable,  its  effect  upon  the  heart  in  situ  has  been 
supposed  to  be  too  transitory  to  be  of  practical  value.  The  writer  has  been  unable  to  find 
any  effect  upon  the  maximal  and  minimal  blood-pressures  and  pulse-rates  of  a  number  of 
cases  of  typhoid  fever  who  were  receiving  calcium  lactate  in  sufficiently  large  doses  to 
hasten  coagulation.  Sladen  also  found  in  a  large  variety  of  cases  that  calcium  lactate  had 
no  effect  upon  pulse-rat«  or  bloo<l-pressure.  On  the  other  hand,  in  animals  calcium  chloride 
has  an  effect,  especially  upon  tonicity,  which  closely  simulates  that  of  strychnine.  Injec- 
tion of  considerable  qu.^intities  directly  into  the  cavities  of  the  heart  revives  that  organ  aa 
nothing  else  appears  to  do.  The  writer  has  found  that  in  some  cases  dogs'  hearts  that  had 
actually  stopped  heating  and  even  lost  their  mechanical  irritability  revived  to  such  an 
ext.ent  aa  to  resume  a  regular  rhythm  with  a  moderately  high  blood-pressure.  The  matter 
is,  however,  still  in  the  experimental  stage. 

CAFFEINE. 
From  the  results  of  experiments   upon    animals,  caffeine  would  take 
rank  next  to  digitalis  in  cardiac  therapy.     Like  digitalis  it  acts  upon  Mie 
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cardiac  muscle,  increasing  the  size  and  force  of  the  contraction ;  like  digitalis 

it  has  a  vasoconstrictor  action,  and  raises  the  blood-pressure  by  bringing 
about  constriction  of  the  peripheral  blood-vessels.  It  is  llierefure  particularly 
valuable  in  conditions  of  collapse  and  shock.  In  this  regard  it  is  more  reliable 
than  camphor  (Romberg)  or  strychnine. 

On  the  other  hand,  caffeine  does  not  exert  a  constricting  action  upon  the  coronary 
arteriea  (U.  Loeb),  and  hence  k  not  contraindiunted  in  cases  of  coronary  scieroeis.  Upon 
the  pulse-rate  caffeine  exerts  u  variable  effect,  in  relatively  small  dosea  (0.1  Gm.,  2  gr.) 
slowing  the  pulse  by  stimulating  the  vagi,  in  hirger  doses  accelerating.  The  acceleration 
is  apparently  due  to  direct  action  upon  the  heart  muscle,  since  it  occurs  also  in  the  excised 
heart  when  caffeine  is  added  to  the  Locke's  solution.  However,  as  regards  the  effects  of 
a  given  dose,  there  la  the  greiitcst  variation  among  different  individuals,  some  persons 
being  extremely  sensitive  to  small  doses,  others  ex-tremely  resistant.  Even  in  the  some 
individxial  tolerance  varies.  L.  Taylor  (Arch.  Int.  Med.,  1914,  xiv,  769)  found  ia  fifteen  cases 
of  heart  disease  treated  with  citrated  ciifTeine  (0.3  toO.6  Grn.  t.i.d.),  usually  noeffect  on  Wood- 
pressure,  btjt  sometimes  rise  and  soraetitnes  full — diiuresis  inversely  as  the  change  in  nmxi- 
mal  blood-pressure,  S  cases  of  insoiimia,  7  of  nausea,  7  of  extreme  restlessness.  Thus,  in  a 
case  under  the  writer's  observation,  after  several  months  of  absolute  abstinence  from  coffee 
marked  palpitation,  tachycardia,  and  sleeplessnt^ss  resulted  from  a  single  cup  in  twenty- 
four  hours;  a  few  weeks  later  one  cup  and  after  a  few  months  two  cups  could  be  taken 
without  any  apparent  effect. 

Unfortunately,  the  therapeutic  use  of  caffeine  is  often  accompanied  by 
palpitation,  sleeplessness,  and  even  nausea,  vomiting,  vertigo,  and  delirium, 
which  occur  with  particular  ease  in  cases  with  cardiac  disease.  The  palpit-a- 
tion  and  discomfort  usually  set  in  at  about  the  same  point  as  the  therapeutic 
effects,  or  even  earlier;  Imt  there  are  certainly  many  ca.ses  in  which  this  is 
not  the  case,  and  in  which  caffeine  is  a  valuable  therapeutic  agent. 

THEOBROMINE. 

Theobromine  has  a  much  less  effect  upon  the  cerebral  cortex  and  upon 
the  vasomotor  centre  than  caffeine,  but  has  a  very  strong  diuretic  action, 
Aa  shown  by  0.  Loeb  it  possesses  a  much  more  powerful  action  in  dilating 
the  coronary  arteries  of  the  excised  heart.  Upon  the  heart  in  situ  its  action 
does  not  seem  to  be  pronounced.  Indeed,  0.  S.  Bond,  in  the  writer's  labora- 
tory, has  been  unable  to  Lietect  any  effect  upon  the  outflow  from  the  coronary 
veins  as  the  result  of  intravenous  injection  of  agurin  (theobromine  S4jdium 
acetate).  The  stimulating  action  of  theobromine  upon  the  heart  muscle, 
though  not  as  intense  as  that  of  caffeine,  is  still  very  marked.  It  has  there- 
fore !>een  recommended  jus  a  cardiac  stimulant,  particularly  by  the  French 
chnicians,  who  foimd  it  of  considerable  value  in  the  weak  heart.-^  of  fatty 
infii\dduals.  Kaufmann  and  Pauli,  Brewer  and  v.  Leyden  recommended  the 
use  of  theobromine  in  attacks  of  angina  pectoris 
(stenocardia)  .  Pineles  advises  theophyllin.  Pal  has  found 
that  theobromine  is  occiisinnally  useful  in  the  treatment  of  vasomotor  crises, 
but  that  it  often  fails  in  cases  where  iodine  and  potassium  thiocyanale  help. 
Romberg  is  not  able  to  detect  any  l>eneficial  action  of  theobromine  apart 
from  its  diuretic  action.  In  using  theobromine  it  is  preferable  to  tise  those 
compounds  which  are  free  from  salicylates,  since  this  radical  has  a  certain 
depressant  action  upon  the  heart  and  an  irritant  action  on  the  kidneys. 
Acettheobromin  sodium  (  '  '  a  g  u  r  i  n  '  '  )  and  acettheocin 
sodium  are  therefore  preferable  to  theobromine  sodium  salicylate  ( '\liuretin  "). 
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ACONITE. 

PREPARATIONS. 

A  c  o  n  i  t  u  rn  ,  the  dried  tuberous  root  of  acoaitum  oapellua,  coUected  iq  autunxxij 
and  yielding  not  less  than  0.5  f»er  cent,  uoonitin.    Dose,  O.Oo  Om.  (1  gr.J. 

Tinctura  aconiti,  U.  8.  P.,  now  represents  10  per  cent,  of  the  crude  drug, 
formerly  stronger.  It  is  the  moat  certain  and  most  stable  of  ail  the  acooits  preparaiiona. 
£>ose,  0.6  c.c.  (10  miniuis). 

A  c  o  n  i  t  i  na  .  the  crystftlline  alkaloid.  Dose,  0.0()0I5  Gm.  (0,1.')  tng.  or  jJb  gr.). 
It  IS  flo  irrit.iting  that  it  in  ixauHlly  preferable  to  prescribe  the  simple  tincture  of  aconite, 
aince  this  ia  iis-sayt-d  according  to  the  last  phannacopa-ia. 

Pharmacolo£;ical  Action. — Aconite  has  three  pharmacological  actions 
upon  the  circulatory  Kystem:  (1)  It  stimulates  the  vagus  promptly  and  to 
a  high  degree";  (2)  it  diminishes  the  size  and  force  of  the  cardiac  contractiun, 
and  al;*i>  accelerates  the  heart  when  this  organ  is  liberated  from  the  action 
of  the  vagu.s  centre;  (3)  it  slightly  stimulates  the  vasomotor  centre  in  very 
small  doses.  However,  it  also  <liniinishes  the  activity  of  the  respiratory 
centre,  and  may  thus  bring  on  (iyspncea.  In  experimental  aconite  poisoning 
in  animals  Ciishny  has  lieen  able  to  produce  a  number  of  rather  unusual 
types  of  alterations  of  rliythm,  sudden  changes  in  the  rhythm  of  the  whole 
heart  of  varied  character,  with  heart-block,  pulsus  alternaus,  auj*icular, 
ventricular,  or  auriculoventricular  extrasystoles,  paroxysms  of  tachycardia 
resembling  the  idiopathic  paroxysmal  tachycardia  of  man,  and  reversal  of 
rhythm  in  which  the  cardiac  impulse  arises  in  the  ventricles  and  travels  up 
to  the  auricles.  In  the  latter  case  the  ventricles  may  beat  twice  aa  fast  as 
the  auricles  (reversed  rhythm  with  partial  block). 

Therapeutic  Uses. — When  carefully  given  in  therapeutic  doses  aconite 
alows  the  heart  by  stimulation  of  the  vagus,  and  has  little  action  upon  the 
heart  nmscle.  It  is  therefore  of  value  in  the  acceleration  of  the  pulse  in  fevers, 
where  the  heart  muscle  itself  needs  no  stimulation  and  the  heart  needs  slowing. 
Owing  to  the  variability  of  the  tincture  under  the  old  pharmacopceia.  the 
use  of  aconite  has  fallen  into  tlisrepute,  and  enough  time  has  not  elapsed  since 
the  adoption  of  the  hist  pharmacopceia  (1900,  adopted  in  1905)  for  its  real 
utility'  in  physiological  therapeutics  to  have  lx?en  investigated.  There  is  no 
doubfthat  it  is  of  value  in  many  cases  of  tachycardia,  especially  those  of  ner- 
vous or  p<istfebrile  origin.  Da  Costa,  in  1864,  found  it  of  some  value  for  the 
tachycardia  of  acutely  overstrained  hearts,  but  particularly  useful 
when  given  with  digitalis.  This  combination  contains  two 
drugs;  both  stimulate  the  vagi,  the  one  tends  to  diminish,  the  other  to  increase 
the  force  of  cardiac  contraction.  The  recent  ol>servations  of  Price,  quoted  by 
Cushny,  indicate,  however,  that,  in  spite  of  its  action  on  the  vagus,  aconite 
alone  does  not  affect  the  heart-rate  of  patients  with  auricular  fibrillation  who 
responii  readily  to  digitalis,  and  it  is  an  open  question  whether  the  results  ob- 
tained with  aconite  cannot  in  all  cases  be  obtained  better  with  other  drugs. 

EPINEPHRIN  (ADRENALIN). 
Epinephrin  (adrenalin,  suprarenin),  the  active  principle  of  the  supra- 
renal gland,  when  injected  subcutaneously  in  doses  of  1  mg.  exerts  a  stimulat- 
ing action  upon  the  entire  sympathetic  system,  and  cau.ses  a  prompt  though 
very  transitory  elevation  of  the  blood-pressure.  This  is  brought  about  partly 
through  stimulation  of  the  myoneural  junction  of  the  vasoconstrictor  nerves, 
partly  by  direct  atimuiation  and  partly  by  bringing  about  dilatation  of  tho 
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coronary  arteries.    This  dilatation  of  the  coronary  arteries  is  in  striking  <     _ 
trast  to  the  intense  constriction  of  the  peripheral  vessels  and  is  in  hannany 
with  the  fact  that  stimulation  of  the  e3mipathetic  nerves  has  the  same  para* 
doxical  effect. 

This  dilatation  of  the  coronaries  can  be  very  strikingly  demonstrated  upon 
the  exposed  heart  of  animals  operated  in  the  laboratory^  whose  vessels  can 
be  seen  to  dilate  enormously.  Ves.sel&  previously  invisible  stand  out  in  bold 
lines  after  the  administration  of  adrenalin.  The  heart  beats  more  forcibly; 
its  systolic  output  and  tone  are  increased;  and  the  dilated  heart  soon  bails 
out  its  excess  blood  and  contracts  to  a  smaller  and  much  more  normal  aiie. 

These  pror>erties  have  won  for  epinephrin  a  place  among  the  best  cardiac 
stimulants.  It  is  especially  useful  in  emergencies,  for  its  action  is  of  less  than 
five  minutes'  duration.  In  acute  heart  failure,  however,  this  may  be  sufficient 
to  relieve  a  threatened  failure  from  acute  dilatation ,  and  Janeway  (Arch.  Lnt. 
Med.,  1914,  xiii,  378)  reports  that  injection  of  4  doses  of  1  mg.  adrenalin, 
(1:1000  solution)  has  proved  life-saving  in  cases  of  pneumonia. 

It  is  also  of  benefit  because  it  acts  as  a  stimulator  of  the  whole  sympathetic 
nervous  system  and  of  the  suprarenal  gland,  and  it^  stimulation  may  cause 
this  gland  in  turn  to  secrete  more  epinephrin  into  the  blood;  so  that  a  lasting 
beneficial  effect  may  be  obtained  due  in  part  to  the  epinephrin  injected,  in  part 
to  that  secreted  by  the  suprarenal  gland  which  it  has  awakened  into  activity.  ■ 

In  the  writer's  experience  it  has  occasionally  been  possible  to  revive  the 
hearts  of  dogs  and  rabbits  after  they  had  stopped  beating,  by  direct  intra- 
cardiac injection  of  adrenalin;  and  there  seems  to  be  no  reason  why  the  same 
method  should  not  be  applied  clinically.  ^ 

The  coronary  dilator  action  of  adrenalin  would  also  tend  to  render  it  ■ 
of  value  in  angina  pectoris,  particularly  if  given  along  with  the  nitrites,  so  as 
to  exert  a  synergistic  action  in  dilating  the  coronaries  but  an  antagonistic 
action  as  to  the  constriction  of  peripheral  arteries  and  the  raising  of  blood- 
pres.sure.  A  more  extended  clinical  test  is  necessary,  however,  before  the  use 
of  adrenalin  in  angina  pectoris,  with  or  without  nitrates,  can  be  recommended. 

All  in  all,  however,  epinephrin  is  a  drug  which  is  destined  to  come  into 
wider  clmical  use  than  has  heretofore  been  customary. 

Pituitary  Extract.— The  active  principle  of  the  infundibular  part  of 
the  hypophysis  cerebri  (pituitrin,  hypophysin,  etc.)  has  an  action  somewhat 
similar  to  that  of  epinephrin,  but  though  it  has  a  direct  action  upon  the  muscle 
in  the  walls  of  the  blood-vessels  as  well  as  upon  the  myoneural  junction,  its 
stimulating  effect  is  somewhat  le^  constant  than  that  of  epinephrin,  and  falls 
of  blood-pressure  as  well  as  rises  may  be  encountered.  The  active  principle 
of  the  pituitary  has  not  been  isolated  chemically,  though  Fiihner  (Muenchen 
Med.  Wchnschr.,  1912,  lix,  852)  has  shown  that  it  belongs  to  the  siime  group 
of  amines  derived  from  amino-acids  by  the  splitting  off  of  COi  as  do  epinephrin 
and  the  active  principles  of  ergot. 

ERGOT.  I 

Ergot  has  been  recommended  by  some  writ-ers  for  its  vasoconstrictor 
action  exerted  through  stimulation  of  the  vasomotor  centre.  It  also  stimu- 
lates the  vagal  centre.  Cronvn  and  Henderson  have  found  that  these  effects 
are  very  uncertain  when  the  drug  is  given  by  mouth,  but  occur  quite  uni- 
formJy  when  it  is  given  intravenously.    Since  this  is  rarely  neceesary,  the 
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use  of  ergot  niay  be  confined  to  patients  with  vasomotor  failure,  in  which, 
like  adrenalin,  it  is  used  as  a  last  resort. 

NITRITES  AND  NITROGLYCERIN. 
PREPARATIONS.       (PHARMACOPCEIAL,    U.  8.  P.) 
Ainyl  nitrite  (amylis  nitris),  a  liquid  containing  about.  SO  per  cent*  of  Hmyi  nitrite. 
Average  dose,  0.2  c.c,  3  mixuma  (inlialedj.   Usually  to  be  had  in  pearls,  each  pearl  contain- 
ing one  dose. 

Nitroglycerin  CH,ONO, 

!:HONOi 


k 


:h,ono, 

18  sold  in  tablets  of  varying  size,  usually  one  tablet  containing  jh^  gr.  (0.6  mg).  However, 
in  tablet  form  the  nitroglycerin  may  undergo  more  or  leaa  rapid  deteriomtloD,  and  henre 
administration  in  this  form  is  unreliable.  It  ia  bce^t  given  aa  spirit  us  gl^'cer^'Us  nitrati^j 
(spiritus  glonoini),  a  1  per  cent,  solution  of  nitroglycerin  in  alcohol,  which  should  be  freahly 
prepared  from  a  10  per  cent,  stock  solution.  Initial  dose,  0.05  c.c.  (1  minim),  increasing, 
if  nccesstifA',  1  minim  at  a  time. 

Sodii  nitris  (sodium  nitrite),  NaNOi,  a  white  fused  mass,  very  deliquescent  and  slowly 
becoming  oxidiaed  to  sodium  nitrate?  on  exposure  to  the  air,  thus  becoming  useless.  Dose, 
0.06-0.12  Gm.   (gr.  i-ii). 

There  are  also  several  non-|jharuiaeoptDial  nitrates  which  are  very 
satisfactory'.  E  r  y  t  h  r  o  I  t  e  t  r  a  n  i  t  r  a  t  e  ,  CHsONOj-CHONOj- 
CHONC  >5-C'H20NOs,  has  about  the  same  action  as  nitroglycerin,  except  that 
it  acts  more  slowly  (action  la.sting  throe  to  four  hours).  Sold  as  tablets,  each 
containing  .03  (im.  (^  gr.).  Dose,  one  or  two  tablets  every  four  to  tfix  hours. 
In  the  ctuse!!^  in  which  the  writer  has  used  it,  erythrol  tetnuiitrate  has  been 
ver>'  efficient  and  .satisfactor>\ 

ACTION   OF   THE    NITHITE8. 

In  practical   therapy  the  nitrites  are  druga  of  great  importance.     In 
animals  they  are  found  to  act  upon  the  muscles  and  nerves  of  the  blood- 
vessels to  bring  aljtjut  an  intense  vasodilatation,  thereby  diminishing  the 
resistance  to  blixxl  flow  and  lessening 
the  resistance  U*  the  action  of  the  heart. 
Fran^ois-Fninck  first  observed  that  the 
coronary  arteries  of  the  exposed  dog's 
heart  could  be  seen  to  dilate  markedly 
aft-er  the  atlminlstration  of  nitrites  and 
the  writ-er  has  iieen  able  to  confirm 
this    observation    on    numerous   occa- 
sions, even  when  the  general  blomi  has 
fallen.     The   experiments   of    Oswald 
Loeb  on  the  exci.sed  heart  and  of  G.  S. 
Bond  on  the  outflow  from  an  incised 

coronary  vein  are  negative.  The  beneficial  effect**  of  nitrites  in  angina  pectoris 
seem  therefore  to  be  due  to  dilatation  of  the  coronary  arteries. 

The  relation  of  the  various  nitrites  to  one  another  as  regards  rapidity  of  ac- 
tion is  shovvTi  in  Fig.  134.  The  effect  of  amyl  nitrite  sets  in  within  a  minute  and 
passes  off  wit  hin  five  minutes ;  that  of  nitroglycerin  lasts  from  about  the  seventh 
to  the  twentieth  minute  after  administration,  sodium  nitrite  from  the  fifteenth 
to  the  thirty-fifth,  while  er>i:Iirtil  tetranitrate  begins  to  exert  an  elToct  only 
after  about  fifteen  to  thirty  minutes,  but  this  continue.s  for  three  t«  four  hours. 


HIN. 


HOURS 


Fia.  134. — EfTects  of  druca  of  the  Dttrite 
Hries  upon  tho  blood-pri'wure  in  man.  (Sohem* 
repraMsntinc  (he  finding*  of  Hewlett  ud  Mat- 
thews.)   AtfN.  minutea. 
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Amyl  Nitrite. — Hpwlett  ha«  recently  made  a  earefal  climioal  study  of  the  effeett  u 
amy]  tiitritc  inhalntioii,  itnd  found  {I)  an  i  m  uif  d  i  a  t  e    fall    of   uiaximaJ  praBBur^  I 
ttVpragD  Ki  nun.  Hg,  lasting  less  th»n  forty  seconds,  luid  acconipatiied  by  a  leas  fall  uTl 
niiniinal  pressure  and  an  inrreasf  of  pulse-riitt*.     This  is  followed  by  a  secondary, 
rise  (alMjut  2S  mm.)  of  maximttl  pressure  to  considerably  alwve  the  original  heijtht,  1 
atsoompanied  by  a  less  marked  rise  of  the  minimal  pre.ssure  and  by  a  return  of  pulse-rate  \ 
to  the  nonual.    These  clianges  in  blood-pressure  corresjxmd  to  an    increased    sys- 
tolic output  and  increased  force  of  heart-beat  (augmentor  effect),  and  Hewlett  was 
able  to  see  witli  the  fluoroscopie  that,  "as  the  action  of  the  heart  slowed  down  the  exrur- 
sions  of  the  left  ventriele  became  wider  by  one-half  centimetre,  but  they  soon  returned  to  ! 
normal."    In  other  words,  bt'sides  being  a  vasodilator   a  n)  y  1    nitrite    is    a    v e r y j 
active     cardiac    atimulnnl,    more  rapid  than  any  except  adrenalin.    Thca».J 
findings  accord  well  with  the  results  of  Cameron  on  dogs,  that  nitroglycerin  both  in- 
creases   cardiac    output    and    cardiac    I  o  n  i  c  i  t  y    to  a  marked  degree.! 
Relaxation  of  the  peripheral  blood-vessels  under  the  influence  of  the  amy!  nitrite,  as  9howii| 
l;>y  the  plethysniograjA,  was  presi?nt  throughout  all  ITewlett'si  experiments  in  spite  of  th 
peculiar  vuriations  of  bhtod-presHure,     The  vasodilatation  reaches  its  maximum  withial 
the  firwr  minute  and  verj-  gradually  subsides  after  the  second,  but  a  definite  effect  is  stiU] 
noticeable  ten  or  twelve  minutes  after.    In  older  persons  Hewlett  found  that  the  pulse-' 
rate  often  did  not  change,  probably  owing  to  the  absence  of  the  tonic  activity  of  the  vagus,  i 

The  followiiiji;  represent  typical  effect*  in  normal  men  as  obtained  in  the 
very  careful  clinical  investigations  of  Hewlett  and  Matthew: 


DOK. 


\myl  nitrite  (Hewlett) 

Nitroglycerin  ,05-.  1  c.c.  (til,  i-ij) ■.;  ■  ■ 

Sodium  or  potn.ssium  nitrate  .1.5  Gm.  (gr.  ij).. 
Erythrol  tetranitrate  m-m  Om.  (gr.  J-i) . . 
Manitol  t^tranitrate  .06  Gm.  (gr.  i) 


Time  when 
■otioa  begins. 


15  sec. 
I    mtn. 
.5    min. 
.55  min. 
12 


lU  inBJ 


tall 


P 


20  mm, 

28 

32 

3.'i 

35 


MaziiD*! 

fall 
occurs  ID 


1  min. 
4^  min. 
14  min. 
22  min. 
l(X)min. 


Duration. 


10  min. 
Jhr. 


Nitroglycerin. — A&  to  nitroglycerin,  there  ia  tremendous  variation  in  it«  effects  upon  j 
different  individuals,  A.  Ijoeb  having  refwrted  a  cji«?  of  collapse  after  0.0  mg.  (,i,  gr.),  | 
whereas  J.  .Stewart  has  given  20  grains  a  day  to  a  single  patient. 

In  some  cases  it  i»  imposf^ililc  to  obtain  a  fall  of  presjsurc  with  any  ordinary  doses. 
The  writer's  experience  agrees  with  that  of  Matthew,  that  the  effects  are  often  lacking  in  j 
caaes  of  nephritis  in  whi<'h  bloixl -pressure  has  persisted  for  some  time.     To  this  might] 
also  be  add<?d  a  certain  group  of  arteriosclerotics  in  which  the  renal  symptoms  do  not  pre- 
dominate, although  it  is  possible  that  arteriosclerotic  changes  may  be  present  in  the  kidney. 

In  Prof.  J.  O.  Hirschfelder'.s  ward.s  it  was  customary  t-o  begin  with  a 
dose  of  1  gtt.  {z\  c.c,  1^  minim)  every  half  hour,  increa.'^inj?  1  ptt.  at  ever>' 
thJr<l  dose  until  palpitation,  headache,  or  buzzing  In  the  ears  warned  tliat  the 
physinlofncal  limit  had  U'en  reached.  The  next  dose  wa.s  then  omitt<?d  and 
a  permanent  dosage  of  I  g,tt.  les,s  than  the  dose  last  given  was  then  kept  up. 
In  some  cases  as  much  a.s  1  c.c.  (15  minim-s)  of  the  1  per  cent,  solution  was 
given  everj'  half  hour  with  only  the  mildest  subjective  symptoms,  the  average 
permanent  ilose  Vieiiig  0.3  to  0.6  c.c  (5  to  10  minims).  The  effect  of  theae 
doses  i.s  very  vurial»le. 

Effect  on  the  Circulation. — A  fall  in  minimal  blood-pre.«*sure  is  the  most 
constant,  usually  accompanied  by  a  rise  in  pulse-pre.ssure,  and  the  maximal 
pressure  sometimes  rising,  sometimes  falling.  Hewlett  thinks  that  there  is 
combined  dilatation  of  the  Idood- vessels  and  increased  systolic  output  of 
the  heart.  In  a  series  of  observations  upon  the  fluctuations  of  blood-pressure 
after  the  administration  of  these  drugs,  made  with  the  Erlanger  apparatus 
^independently  of  and  some  years  before  those  of  Hewlett,  the  writer  had 


I 


I 
I 
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noticed  effects  quite  similar  to  tbose  above  mentioned.  There  seems  no  doubt, 
therefore,  that,  as  stated  by  Hewlett,  the  beneficial  effects  of  the  nitrites  in 
man  are  due  to  something  more  than  a  simple  vasoLlilatation,  and  indeed 
it  i.s  possible  that  the  latter  may  play  oft^n  even  a  minor  role.  Certain  it  is 
that  in  many  cases  they  are  ideal  drugs  to  relieve  the  work  of  the  heart  over 
short  periods  when  the  blood-pressure  is  not  already  tm>  low  to  admit  of  their 
Ufl9.  However,  it  must  be  borne  in  mind  that  indi\ndual  susceptibilities  vary, 
and  the  patient  should  be  tested  with  aniyl  nitrite,  whose  effects  can  be  con- 
trolled, before  any  other  nitrite  should  be  given.  When  used  over  long  periods 
of  time,  moreover,  the  production  of  methjrmoglobin  in  the  blood  nmy  be 
brought  on  (shown  by  the  spectroscope,  or  by  a  chocolate  tint  in  the  blood), 
which  is  distinctly  harmful  and  a  sign  for  immediately  stopping  the  use  of 
the  drug. 

VASOTONIN  (YOHIMBIN-URETHANE). 

Franz  Muller  and  Bruno  FeUner  have  recently  taken  advantage  of  the 
vasodilator  action  of  the  salts  of  y<tliimbin  to  introduce  a  derivative  of  the 
latter  into  medical  praeticc.  In  oribr  to  obviate  the  aphrodisiac  action 
and  the  effect  upon  the  respiratory  centre,  they  have  combined  yohimbia 
nitrate  with  ure thane,  by  which  they  claim  a  definite  double  salt  of  yohim- 
binurelhane  is  formed,  to  which  they  have  given  the  trade  name  of  v  a  s  o  - 
t  o  n  i  n  .  The  claim  that  ''vasotonin"  rei)reseDts  a  definite  chemical  combi- 
nation, rather  than  a  mixture  of  the  two  drugs,  has  l>een  sharply  criticised 
by  Spiegel  and  cannot  be  regarded  as  definitely  settled.  On  the  other  hand, 
Muller  has  shown  that  the  physiological  effects  of  yohimbin  arc  gi-eatly 
changed  by  the  presence  of  the  urethnne,  so  that  the  desired  effect  of  remo\ing 
the  aphrodisiac  anti  respiratory  effects  seems  to  have  been  accomplished. 

Miiller  has  shown  experimentally  upon  aniniuls  that  it  lowers  the  blood- 
pressure  by  producing  dilatiition  of  the  blood-v^essels  of  the  limbs  and  also 
a  certain  amount  of  dilatation  in  the  bloo<i-ve.ssels  of  the  l>rtiin,  but  that  the 
vessels  of  the  splanchnic  area  are  constricted.  He  showed  by  means  of  the 
cardiometer,  as  Cameron  had  showTi  for  the  nitrites,  that  in  ordinaiy  doses 
it  increases  the  tonicity  of  the  heart  muscle. 

His  results  were  at  once  applied  clinically  by  R.  FcUner  in  a  series  of 
fifteen  civses. 

Fellner  found  that  in  man  the  .suljcutaneuus  administration  of  1  c.c.  (15 
minims)  of  Viisotonin  (containing  10  mg.  yohimbin  nitrate  or  8  mg.  yohimbin) 
exerted  about  the  same  effects  as  Miiller  had  o!>served  in  animals,  and  gave  rise 
toa  dilatation  of  the  arteries  witha  fall  of  miixima!  blood-pre^-^sure  often  amount- 
ing t^  50  mm.  Hg.  The  minimal  blood-pressure  was  affected  to  a  less  *legree; 
the  pulse-pressure  usually  diminished.  With  a  single  injection  daily  or  even 
ujKtn  alternate  days  these  effect-s  persistetl  and  in  many  cases  gave  the  desired 
result.  His  observations  have  l.>een  confirmed  by  StaeheHn  and  by  Rosendorff. 

Fellner  recommends  the  drug  in  the  following  classes  of  cases: 

1.  Transitory  hypertension,  such  as  attacks  of  angina  pectoris,  various 
forms  of  asthma,  vasomotor  crises  and  conditions  of  increased  vasomotor 
irritability,  intermittent  claudication,  etc. 

2.  More  lasting  hypertension,  as  in  arterioscleroses,  the  toxic  hyper- 
tension of  lead  and  nicotine  poisoning,  and  also  in  chronic  nephritis. 

Aneurism  might  also  be  added  to  this  list. 
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As  regards  the  clinical  phase  of  the  que.stion,  it  must  be  said  that,  ] 
less  of  whether  vasotonin  is  a  definite  chemical  combination  or  merdjp* 
mixture  of  two  drugs,  the  results  obtained  by  these  observers  merit  seriou 
considerations,  and,  while  they  do  not  seem  superior  to  those  obtained  with' 
the  nitrites,  compare  very  favorably  with  the  latter. 

POTASSIUM  IODIDE. 

Potassium  iodide  is  the  drug  which  is  most  widely  used  in  the  treatmenl 
of  all  forms  of  arteriosclerosis,  and  the  clinical  result.s  are 
definite  as  to  render  its  usefulness'*  certain.  The  manner  in  which  it  exe; 
this  beneficial  action  is,  however,  much  l&ss  definitely  known.  It  was 
first  supposed  by  Potain  and  others  to  lower  the  blood-pressure  by  soi 
direct  action  upon  the  vasomotor  or  cardiac  mechanisms,  hut  this  action  is 
slight  if  any,  and  the  writer  does  not  recall  ever  having  seen  high  t)lood-pressure 
depressed  bj'  potassium  iodide  without  the  intervention  of  some  other  factor^| 
It  Wiis  then  supposed  to  have  some  effect  in  diminishing  the  viscosity  of  the^ 
blood,  as  was  claimed  by  Otfried  Mlitler  and  Iiiada  in  Romberg's  cUnic.  .\ 
careful  perusal  of  their  statistics  shows  that  the  results  were  absolutely 
negative  in  about  half  of  their  cases  and  within  the  limits  of  observational 
error  in  the  others.  Determann,  who  repeated  their  experiments,  found  the 
effect  upon  viscosity'  entirely  negative.  ^m 

It  was  then  claimed  by  Koranji  and  others  that  potassium  iodide  prevented^! 
the  produftiun  of  adrenalin  arterionecrosis,  but  this  claim  also  fell  to  the  ground 
when  tested  upon  a  very  large  series  of  animals  by  Leo  Loeb  and  Githens. 

The  pharmacological  action  of  potassium  iodide  is  therefore  still  to  be 
classed  among  those  mysterious  actions  termed  "alterative." 

Some  light  is  thrown  upon  the  action  of  ix>taasiutn  iodidf  by  the  recent  studies  of 
Collins  and  ^Sachs  and  Longcope  upon  the  vasculiur  changes  due  to  sj-philis.  Thtae  ob- 
servers obtained  u  positive  Waaaermann  reaction  in  many  coses  of  aortic  insulficicnry 
in  which  there  was  no  otlier  sign  of  active  luetic  lesion.  In  these  cases  and  also  in  duiple 
arterioecleroaw  of  luetic  origin,  the  potassium  ioilide  probably  facilitAt«s  the  removal  ol 
the  luetic  exudatiotia  jknd  thus  diminishes  the  ill  effects  of  the  art<>rial  lesion.  This  would 
explain  why  no  action  can  be  detected  upon  the  healthy  vcsjjcI  or  up>on  the  mechaaied 
factors  in  the  circulation . 

It  must  be  admitted  that  the  mode  of  action  is  entirely  unknown;  but,     i 
on  the  other  hand,  administration  of  potassium  iodide  does  lessen  the  sympiB 
tonas  of  stenocardia  and  other  painful  and  disagreeable  sjTnptoms  in  mxmy™ 
cases  of  arteriosclerosis,  and  may  even  cause  them  to  disappear  permanently. 
It  may  therefore  be  administered  with  advantage  in  all  csises  in  which  the 
above-mentioned  sj^mptoms  arise  or  even  where  they  are  threatened. 

Potassium  iodide  is  best  given  after  meals  in  large  amounts  (half  pla.^f(il 
or  glassful)  of  water  or  milk.  The  unpleasant  taste  may  be  disguised  by  a 
little  8herry,elixir  aromatieum  or  gentian.  Dose  potaasii  iodidi  0.3  to  2.0  Gm. 
(gr.  V  to  .\xx)  (reached  by  increasing  doses). 

When  not  well  borne  by  the  stomach  or  when  the  he^irt.  is  very  weak, 
sodium  iodide,  the  iodized  fatty  acid  "  iodipin,"  or  new  iodiy.ed  organic  acid 
"safodin"  may  be  substituted.  Their  action  does  not  seem  to  differ  muchj 
from  that  of  potassium  iodide. 

S.4J0DIN. 

Sajodin  (calcium  raonoiodobehenate,   (C3iH42lCOO)iCa),  is  a  colorless 
tasteless  powder  yielding  iodine  on  decomposition.     It  contains  26  per 
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of  iodine.    Dose,  1  to  3  Gm.  (gr.  xv  to  xlv)  daily,  best  in  powders  or  capsules, 
half  an  hour  after  meals. 

Sajodin  has  all  the  pharmacological  actions  of  potassium  iodide,  except 
for  the  fact  that,  since  the  iodine  h  split  off  more  slowly,  the  action  upon 
the  stomach  and  the  tendency  to  produce  iodine  rushes  are  far  les8  marked 
and  less  rapid  in  development.  On  the  other  hand,  the  desired  effects  of  the 
iodine  seem  to  appear  with  equal  rapidity  and  from  somewhat  smaller  doses, 
and  in  many  cases  this  drug  can  Ix^  atbninistered  over  much  longer  periods 
of  time  tlian  the  iodide.  Excellent  effects  are  therefore  obtained  in  myocar- 
ditis, arteriosclerosis,  angina  pectoris,  and  aneurism  by  its  use  (Kutt^lwascher, 
Vigorelli). 

8ALVARSAN— "  606." 

The  exact  r61e  to  be  played  by  salvarsan,  Ehrlich's  great  antisyphilitic,  in 
the  treatment  of  luetic  disetises  of  the  circulation,  is  still  somewhat  undecided. 

As  shown  by  Heringj  Camus,  Iloke,  and  Rihl,  salvarsan,  ideal  and  hyper- 
ideal  when  injecte<i  into  animals,  produces,  as  do  most  other  preparations  of 
arsenic,  an  intense  fall  in  blood-pressure.  That  this  is  due  chiefly  to  a  paralysis 
of  the  abdominal  vessels  is  shown  by  the  fact  that  the  blood-pressure  can  no 
longer  be  raised  by  injection  of  adrenalin,  although  it  can  be  raised  to  a 
considerable  height  by  clamping  the  descending  aorta.  Hoke  and  Rihl  have 
interpreted  the  latter  phenomenon  as  evidence  that  the  strength  of  the  heart 
is  unimpaired,  but,  as  has  been  shown  in  other  chapters,  in  persons  >vith  a 
nt)rmai  circulatory  system  this  fall  in  blood-pressure  amounts  to  from  25  to 
45  mm.  Hg  (30  to  60  cm.  HiO)  and  lasts  from  one  to  three  days,  when  it  may 
l>p  followed  by  a  transient  rise.  There  is  probably  some  weakening  of  the 
heart  as  well,  but  this  is  not  a  source  of  danger  to  the  normal  circulatory 
sj'stem.  In  persons  with  diseases  of  the  heart,  aorta,  and  kidneys  these 
effects  are  dangerous ;  and  a  considerable  number  of  deaths  have  been  reported. 
These  cases  have  been  subjected  to  a  critical  review  by  Ehrlich  and  Martius 
of  Frankfurt,  who  call  attention  to  seven  reported  deaths  which  seem  to 
have  been  due  entirely  to  the  action  of  the  drug.  Several  of  these  patients 
were  in  excellent  condition  at  the  time  that  the  injections  were  made.  In 
five  out  of  these  seven  cases  the  triad  luetic  aortitis,  coronary 
sclerosis,  and  myocarditis  were  found  at  autopsy,  but  in  four 
of  these  five  they  were  not  recognizable  clinically. 

Death  in  these  cases  sometimes  occurred  from  collapse  within  a  few 
hours  after  the  injection,  as  in  the  case  reported  by  Spiethoff,  and  sometimes 
occurred  suddenly  several  da3rs  later.  Ehrlich  has  accordingly  advised  against 
its  use  in  "persons  who  have  very  irritable  cardiac  nerves,  or  heart  disease, 
arterial  degenerations j  aneurisms,  or  cerebral  hemorrhage,  old  persons,  ne- 
phritics,  diabetics,  and  patients  with  gastric  ulcer."  This  conservative 
expression  is  voiced  by  Martius,  Sieskind,  and  other  subsequent  observers, 
and  if  rigidly  followed  would,  of  course,  exclude  salvarsan  entirely  from  the 
therapeutics  of  the  circulation.  Nevertheless,  it  must  by  no  means  be  assumed 
tliat  every  case  or  even  a  very  large  percentage  of  cases  of  cardiovascular 
dlsejise  suffers  from  treatment  mth  salvarsan.  Thus,  Martius  writes  that 
"Numerous  reports  have  been  made  of  favorable  experiences  in  angina 
pectoris,  and  the  most  astonishing  results  were  obtained  in  just  those  cases 
with  the  most  severe  and  most  dangerous  attacks.    But  these  patients  were 
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always  persons  with  intact  heart  and  in  whtjni  no  really  severe  lesion  of  the 
lieart  or  vesselfs  wits  suspected." 

The  clanger  of  oollapse  from  cardiac  failure  resulting  from  tlie  use  of 
large  doses  of  salvarsan  intravenously  may  indeed  be  ohi.'iated  to  a  great 
extent  by  the  use  of  smaller  dose^^,  aiul  the  37  ca^^es  reported  Ity  Wechsekniinn 
and  Nicolai  without  cardiac  failure  tlid  not  receive  doses  larger  tlian  0.5  Gm. 
Still  smaller  doses  (0.2  to  1.2  CUm.  intravenoasly)  may  be  givi^n  repeatedly 
(at  intervals  of  about  a  week)  with  still  li-ss  danger  at  the  time  of  injection, 
but,  its  Kromayer  hiis  stated,  the  dang(>r  of  severe  recurrence,  and  especially 
of  lesion  to  the  nervous  system,  is  particularly  great  after  the  use  of  repeated 
small  doses.  In  cardiac  and  arterial  disease,  however,  it  must  be  remembered 
that  merely  bringing  about  the  subsidence  of  the  luetic  lesion  temporarily  may 
enable  the  circulation  to  regjiin  its  function,  so  that  at  a  later  period  larger 
doses  may  l?e  given  before  tlie  new  crop  of  lesions  has  had  time  to  form.  The 
use  of  salvarsan  in  such  doubtful  cases  is  at  present  in  a  transition  stage,  the 
final  development  of  which  will  require  several  years  of  investigation  to  decide, 

POTASSIUM  THIOCYAN.\TE. 
Another  drug  w!iich  U'tula  (w  hmer  the  bh>od-prcsaure  gready  is  ixittwsmm  thiocrya- 
natc  (KCNS).  The  uac  of  this  drug  ns  a  sedative  t^  the  aervoua  system  was  first  suggested 
by  W.  Pauli  (190.1),  who  believt'^d  diat  he  obtained  some  exoellent  resuHs  in  eleven  arterio- 
sclerotics and  in  two  cases  of  heart  failure.  It  was  used  more  carefully  by  J.  Pal  (1905), 
who  write.s:  '*!  have  bei-ii  altlc  to  obtain  a  good  efTcct  from  thioryanate  preparations  in 
some  cases  in  which  even  potassium  iixhde  was  without  effect.  This  cyaruite  often  grad- 
ually reduces  a  high  b food-pressure,  but  often  brings  on  symptoms  of  intoxi- 
cation in  arteriosclerotics,  especially  in  thtuse  with  renal  complications.  These  toxic 
symptoms  jir^  e  r  y  t  h  e  ni  » t  a  and  mental  c"  o  ri  f  ti  s  i  o  n  ,  wliich  disappear,  as  I 
have  found,  when  the  thiocyanate  h  left  tifT  and  opium  given.  .  .  .  Diuretin  and  iodide  or 
thiocyanate  are  of  vidue  (in  vasomotor  crises)  only  when  administered  over  long  periods." 
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Muller,  Fr.,  and  Fellner,  B.:  ITeber  "  Vafwtonin,"  ein  neueadruckherabeeteen  des  Geffia^ 
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VT. 
GYMNASTICS  AND  HYDROTHERAPY. 

GYMNASTICS. 
FUNDAMENTAL    PRINCIPLES. 

Duiifig  recent  years  g;>^mnastic  exercises  have  come  to  play  a  major 
role  in  the  treatment  of  cardiac  diseases.  Although  this  treatment  was 
introduced  empirically ^  its  physiological  basis  is  found  in  the  fact,  shown 
by  Frank  and  Hirschfelder,  that  a  strain  upon  the  ventricles  which  does 
not  exhaust  them  tends  to  act  as  a  stimulus  which  gives  rise  to  more  forci^ 
ble  contractions,  increases  their  tonicity,  and  causes  the  residual  blood 
(and  hence  the  dilatation)  to  decrease.  The  guiding  principle  is  further 
given  by  the  experimental  evidence  produced  by  these  writers,  that  when 
the  strain  was  excessive  it  had  the  opposite  effect,  and  caused  weakening 
of  the  contractions,  diminished  tonicity,  and  dilatation  of  the  heart.  (See 
Fig.  119.) 

In  ilealing  witb  normal  individuals  it  is  observed  that  the  strengthen- 
ing of  every  normal  individual,  the  training  of  every  athlete  or  laborer  con- 
sists in  the  habituation  of  thf  body,  and  particularly  of  the  heart.,  to  gradu- 
ally increasing  muscular  effort  and  exercises.  (See  page  206.)  To  a  great 
extent,  as  has  been  t^een,  page  204,  this  consists  in  securing  a  greater  increase 
in  output  of  blood  at  each  beat  without  calling  upon  any  of  the  accessory 
nervous  mechanism  to  bring  this  about.  Such  exercises  have  also  been 
used  with  great  success  in  the  treatment  of  pjitients  with  heart  failure.  It 
stands  to  reason  that  they  should  not  be  used  at  once  when  the  patient  is 
brought  in  with  an  acute  heart  failure;  but  after  a  sufliciently  long  period 
of  rest,  when  the  acute  condition  has  passed  off  and  he  can  sit  up  in  bed 
without  discomfort,  a  few  of  the  mildest  arm  movements  may  be  begun 
with  great  advantage.  It  is  often  better  to  train  the  patient  by  a  few  mild 
passive  or  resisted  movements  while  he  is  still  in  bed  than  to  subject 
him  at  once  to  the  strain  of  getting  up  for  an  hour  or  so  after  his  sojourn 
in  bed.  Moreover,  many  other  muscles  may  be  kept  in  tone,  the  blood- 
vessels in  the  muscles  may  be  kept  dilated,  and  the  resistance  to  blood 
flow  may  thus  be  diminished. 


SYSTEMS   OP   EXERCISE. 

In  accordance  with  these  facts  several  systems  of  exercises  have  been 
developed  for  assisting  in  the  training  of  the  heart.  In  all  of  them  the  cru- 
cial point  lies  in  the  avoidance  of  the  slightest  fatigue,  holding  of  the  breath, 
or  increased  breathing.  Hence  the  actual  result  obtained  depends  more 
upon  the  vigilance  and  inteUigencc  of  the  physician,  nurse,  or  attendant 
who  supervises  the  exercises  than  upon  the  exercises  themselves. 
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Ease  of  mind  and  mental  distraction  are  as  important  as  any  other  points 
in  carrjing  out  the  exerciae,  and  the  writer  has  seen  numerous  patients  to 
whom  a  given  exerti.m  was  difficult  or  impossible  until  their  minds  were  di- 
verted, when  it  was  i>erfonned  subconsciously,  without  the  slightest  strain. 
Dr.  R.  E.  Morris  has  a<lopted  the  habit  of  keeping  a  graphophone  playing  to 
divert  tlie  p-itivnt's  mind  throughout  the  exon-is-*. 

In  general  the  exert-ises  may  be  divided  int4>  four  classes:  (1)  Passive 
movements.  (2)  Contraction  of  antagonistic  muscles.  (3)  Resisted  move- 
ments    (4)  Mechanical  gymnastics. 

Passive  Movements.— These  are  the  mildest  possible  forms  of  exercise. 
The  attendant  grasps  the  patient  by  the  hands  or  feet  and  moves  these 
members  gently  and  slowly  about,  while  the  patient  makes  no  effort  at 
contraction  whatever.  Such  movements  have  the  effect  of  increasing 
the  circulation  of  lymph,  the  absorption  of  oedema,  and,  to  a 
certain  extent  also,  of  increasing  the  rapidity  of  blood  flow.  It  is  impor- 
tant to  a\'oid  all  exercises  in  which  the  arms  are  raised  high  above  the 
head,  since  this  hydrostatic  ally  increases  the  pressure  in  the  vena  cava  and 
may  cause  momentary  dilatation  of  the  heart. 

The  following  exercises  or  modifications  of  them  may  be  carried  out 
while  the  patient  is  still  in  bed,  provided  the  greatest  precaution  is  used 
in  their  execution. 

(1)  Arms  horizontal,  to  the  front  and  back  to  the  line  of  the  shouldem. 

(2)  Arms  horizontaJ  in  line  of  shoulders,  thence  down  to  the  sides  of  the  body. 
i'.i)  Arms  horizontal,  describe  eirclea  with  hands, 

(4)  Arms  \'ertical!y  dc|]endent  at  sides,  flex  and  extend  elbowns. 

(5)  Arms  def)endent  at  sides,  pronate  and  supinate  alternately. 

(6)  t'lincli  and  open  fists. 

(7)  Legs  straiKht,  abduct:  then  adduct  thighs. 

"    •     (H)  Flex  and  extend  knee  at  slrle  of  couch,  never  raising  knee  above  level  of  body. 

(0)  Flex  and  extend  fiwt  at  ankle-joint. 

(10)  Rotjite  thighs  internally  and  externally. 

(11)  Execute  small  circles  vrith  feet  without  raising  them  more  than  one  foot;   legs 

straight. 

Contraction  of  Antagonistic  Muscles.— Substantially  the  same  exercises 
may  be  carried  out  by  allowing  the  patient  himself  slowly  and  simultane-^ 
ousty  to  contract  both  the  musrles  concerned  in  the  movement  and 
which  antagonize  them, — i.e.,  biceps  ami  triceps,  flexors  and  ext^r 
wrist,  etc.     In  this  way  little  movement  is  made,  the  pulse-v 
rather  than  aceeleratetl,  and  yet  a  good  deal  of  ener-rv  mux 
The  blood-pres.su re  is  raised,  however.     If  the  pa^< 
avoid  all  difficulty  in  breathing  and  all  <lisconifor}     i 
ment  in  muscular  strength  and  in  cardiac  ^fti' 
this  method.     Its  main  drawback  lies  in 
exercise  is  controlled  not  by  the  attep 
the  latter  is  most  hkely  to  do  more  tl 

RESISTED   MOVEMEN 

Probably  the  most  widely  u 

passive  movements  introduced  b, 
generally  used  in  connection  with 
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is  particularly  advantageous  and  permits  at  once  of  all  the  advantages  of 
mild  exercise,  of  baths,  of  rest  tint!  stimulation  to  sleep,  of  psychic  sedative, 
and  of  the  psychic  auggestion  to  the  patient  that  a  great  deal  is  being  done 
and  a  great  effort  is  being  made  for  his  welfare. 

The  Schott  movements  consist  of  practically  the  exercises  described 
above  caniod  out  by  the  patient  himself,  but  with  an  attendant  who  makes 
a  sUght  resistance  to  each  movement.  The  resistance  should  be  just  enough 
bo  prevent  the  movement  from  being  made  rapidly,  and  at  no  time  should 
it  cause  the  patient  any  apparent  effort  or  increase  his  respirations.  Each 
day  the  resistance  may  be  increasetl  slightly,  so  that  in  a  short  time  the 
patient  may  be  doing  a  good  deal  of  work  without  realizing  it.  In  exe- 
cuting the  resistance  the  attentUint'a  mintl  i.s  kept  fixed  upon  the  condition 
of  the  patient,  and  he  is  consequently  more  likely  to  notice  over-exertion 
in  the  latter  than  if  he  were  merely  supposed  to  watch  him  without  doinf 
anything  himself.  Tn  carrying  out  the  Schott  movements  the  following 
rules  are  prescribed.' 

Precautions  for  Scholl  Exercises. — (1)  Each  movement  is  to  Im  perfonned 

and  at  uniform  rato. 

(2)  No  movement  is  to  be  repeated  twice  in  succession  in  the  same  limb  or 
of  muscles. 

(.3)  Each  single  or  combined  movement  is  to  be  followed  by  an  interrd  of  pbM. 

(4)  The    movements    are    not    to    be   allowed    to   aeeeler«tc 
patient's    breathtn^,    ami    the   oporalor   miisi  watch  the  face  for  tke 
indioations  of  (a)  dilatation  of  the  nostrils,  (b)  drawing  of  the  comen  of  Ife  warn 
duskineas  or  pallor  of  the  cheeks  or  lips,  (rf)  yawning,  (e)  sweating,  (J)  fmifitatmm, 

(5)  The  appearance  of  any  one  of  the  above  signs  of  distreaa  Aa^d  !•  At 
for  immediately  interruptiun;  the  movement  in  process  of  execution,  aad  iv  «iAi 
]xirtin(;  the  limb  wliich  is  being  moved  or  allowiiig  it  to  subdde  into  a  lUe  af  warn 

(6)  The    patient    must    be    directed    to   breathe   refmlftrlj 
uninterruptedly,  and,  should  he  find  any  difficulty  in  do 
show  a  tendency  to  hold  his  breatli,  be  must   be  instructed  to 
whisiJer  throughout  the  progress  of  each  movement. 

(7)  No  limb  or  portion  of  the  boiiy  of  the  patient  is  to  Lw 
the  vessels  and  check  the  flow  of  blood. 
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4.  Hands  at  level  of  pelvis  in  midline,  fingers  slightly  flexed.    Anns  raised  to  the 
vertex  of  the  head,  then  back. 


Fio.  lS6.—Scbott  resisted  movementa.  (Modifled  from  W.Beily  Thome.)  The  attendant's  hands  are  iadU 
oated  in  black;  the  direction  of  the  movement  made  by  the  patient  is  indicated  by  the  black  arrows. 


5.  Arms  at  sides,  then  raised  forward  in  parallel  planes  until  they  are  vertical,  then 
moved  back.  The  hand  of  the  operator  must  glide  around  the  wrist  so  that  it  is  always 
appUed  to  antagonize  the  movement. 

6.  Trunk  flexed  on  hips,  knees  straight;  trunk  then  extended. 

7.  Trunk  rotated  without  movement  of  the  feet.  Operator  exerts  resistance  against 
the  shoulders. 
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8.  Trunk  flexed  lat«raUy. first  to  one  aide  then  to  the  other,  the  movement  being  an- 
t-a^nized  by  resiHtanne  apnliea  in  the  axitla,  the  operator's  other  hand  resting  on  the  hip. 

9.  Movement  Uke  No.  2;  fist«  chnehed. 
lU.  Same,  but  palmar  surface  i>f  fist  turned  outward. 

11.  Arm  extfmded  fr^mi  sitle,  pahn  down,  raisetl  forwards  and  upwards  describing 
'  a  semicircle  luitil  it  is  raised  vertically  alongside  tif  tiie  ear.    The  movement  in  then  reversed. 

12.  Arma  at  sides,  palra.'^  inwartl,  m(>\ed  upwards  and  barkwards  in  parallel  planes. 

13.  Patient  ri*stH  one  hand  on  chair  or  table,  raisers  knee  to  horizontal,  flexing  at  hip 
and  knee. 

M.  With  one  hand  resting  on  table,  patient  swings  e.xtende<l  leg  forward  and  back- 
ward from  tho  hip-joint. 

15,  Reciting  \^'itli  both  hands  on  chair  in  front,  raises  foot  by  flexing  knee  without 
movement  at  hip. 

Hi-  Resting  one  han<l  on  chair  at  SMle,  patient  swings  opposite?  extended  leg  out- 
ward from  hip-joint,  then  rt-tums  ro  normal 

17.  Arms  rotated  outwards  and  inwards  from  Bhoulder-joint,  operator  grasping  the 
metacarpal  portion  of  the  hand. 

1ft.  Wrist-joint  flextnl  and  extended. 

19.  Ankles  doraoflexed  and  extended  alternately. 

In  advising  the  patient  cither  t^o  resort  to  such  gj'reinastic  exerdses  at 
home  or  to  pay  a  visit  tu  one  of  the  spas  or  saiiitoria  at  which  they  are  given 
the  physician  should  bear  in  min<l  that  the  exercises  are  to  he  regarded  as  a 
form  of  training  for  hearts  with  res<Tve  power  rather  than  as  a  panacea  for 
regenerating  a  diseasetl  heart  already  wiirking  at  its  utmost.  In  such  cases, 
notably  in  persons  with  severe  arteriosclerosis,  hypertension,  severe  myo- 
carditis, and  badly  broken  eonipens^ition,  much  harm  may  be  done.  It  is 
unfortunate  that  certain  spa  physicians  are  liable  to  become  over-enthusiastic 
in  the  use  of  one  method  and  to  eini>loy  it  in  all  eases  regardless  of  the  con- 
traindicatious,  and  deaths  under  treatment  i^ometimes  result. 


MECHANOGYMNASTICS. 

Movements  may  also  be  carried  out  by  means  of  the  elaborate  and 
Ingenious  apparatus  devist^d  by  Zander  for  regulating  them  m  direction 
and  intensity.  In  these  exerci.ses  the  movements  are  semi-passive,  being 
determined  tt)  a  great  extent  and  carried  on  by  the  apparatus.  Hrncc  it 
|beconies  more  difficult  to  control  them  accurately  than  is  the  case  with  the 
Iresistanee  movements.  It  is  unquestionable  that  excellent  results  have  been 
btained  by  this  method,  especially  in  cases  where  there  is  mild  dilatation 
but  no  serious  heart  lesion;  but  it  is  certain  that  the  limits  of  the  patient's 
strength  are  too  readily  overstepped;  and  equally  certain  that,  in  the  large 
institutions  where  this  is  carried  out,  the  superintenilents  usually  pay  so 
little  attention  to  the  individual  patient  that  these  exercises  very  frequently 
jo  distinct  harm. 

Budingen  has  recently  devised  an  apparatus  for  passive  motion  of  the 
legs,  which  consists  of  a  horizontally  moving  treadle  run  by  a  motor  and  can 
be  brought  to  the  patient's  IhhL  He  claims  that  it  relieves  oedema  and 
strengthens  the  legs.  However,  mild  active  or  passive  movements  of  the  feet 
and  legs  are  excellent  substitutes  for  these  mechanical  devices. 

WALKING    AND    CLIMBING. 

The  question  of  walking  involves  not  only  an  important  form  of  exer- 
cise treatment  but  also  the  regulation  of  the  convalescent's  daily  life.  As 
has  been  stated  above,  walking  up  and  down  stairs  frequently  iiitt:<advi!syea» 
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the  greatest  strain  upon  the  patient's  heart.  It  is  most  important  that  this 
Htraiii  shouki  be  minimized.  This  may  be  done  by  causing  him  to  rest  upon 
each  step  long  enough  to  count  five,  ten.  or  twenty,  thus  insuring  him  against 
hurry  and  breathlessness  (J.  O.  Hirschfelder).  Another  method  whirh  has 
been  found  useful  was  .suggested  by  the  writer's  wife  while  climbing  moun- 
tains in  the  Sierra  Nevadas.  She  noticed  that  she  could  climb  quite  steadily 
up  the  steepest  trails  provided  she  took  a  deep  or  normal  inspiration  each 
time  the  same  foot  touched  the  ground.  In  this  way  a  relation  was  estab- 
lished between  speed  and  respiration,  the  former  was  regulated  by  the 
latter,  and  a  certain  balance  maintained  between  the  rate  at  which  oxygen 
was  used  up  and  that  at  which  it  was  supplied.  As  the  pulse-rate  is  often 
some  definite  multiple  of  the  respiratory  rate,  this  procedure  also  tends  to 
regulate  the  former.  This  rhythm  is  one  which  is  very  satisfactory  for 
patients  with  heart  disease.  It  is  readily  acquired,  and,  having  once 
become  habitual,  does  much,  automatically,  to  keep  the  patient  within  his 
physiological  limits,  thus  enhancing  the  Ix'neficia!  effect  of  the  exercise 
while  establishing  a  safeguard  against  overstrain. 

Oertel's  Mountain  Climbing. — Long  walks  and  mountain  climb- 
i  n  g  were  introduced  as  an  after-treatment  in  cardiac  disease  by  0  e  r  t  e  1 . 
Oertel  found  that  patients  convalescent  from  heart  failure,  and  especially 
those  suffering  from  fatty  infiltration  of  the  heart,  were  much  l>enefited 
by  long  walks  taken  slowly,  interrupted  by  frequent  rests.  Walks  along 
gradually  sloping  paths  in  the  mountains  were  most  beneficial,  and  in  fact 
became  a  feature  of  the  method.  This  is  designed,  however,  only  to  put 
the  finishing  touches  upon  the  treatment,  and  to  fit  the  patient  whose  heart 
is  already  in  good  working  order  for  the  more  strenuous  life  to  be  pursued 
after  his  discharge. 

CHOICE    OP    EXERCISE. 

As  regards  the  choice  and  use  of  exercise  in  treatment,  the  following 
general  principles  may  be  laid  down: 

(1)  Xo  exercise  should  be  begun  until  the  patient  has  been  under 
observation  for  a  few  days,  so  that  his  general  condition  is  thoroughly 
understood. 

(2)  If  the  patient  is  not  improving  under  absolute  rest,  exercises 
would  only  increase  the  work  imposed  upon  the  heart  and  would  do  harm. 

{3}  If  the  patient  has  improved  under  absolute  rest,  he  may  be  given 
one  or  two  pa&iive  movements  (each  carried  out  five  or  ten  times)  two  or 
three  times  a  day,  and  the  exercises  very  carefully  increased  in  number 
and  intensity  each  day  l>efore  allowing  him  to  get  out  of  bed.  Even  a  few 
mild  resisted  arm  exercises  may  be  tried,  bearing  in  mind  the  same  princi- 
ples, for  it  must  be  remembered  that  the  patient  may  obtain  much  more 
complete  and  immediate  rest  after  these  exercises  while  in  bed  than  when 
out  of  it,  and  also  that  he  is  not  at  the  same  time  subjected  to  the  strain 
of  standing,' 


'  The  relative  mildness  of  such  exercises  in  patients  still  bed-rid<len  is  seen  in  the 
fact  that  their  pulse-rale  and  respiration  return  at  once  to  normal  on  cessation  of  the  exer- 
cise, Physmkigically,  to  exercise  in  the  horizontal  jMisture  increases  the  systolic  output 
more  and  changes  the  pulse^rate  less  than  in  thi:  erect  posture  (Erlanger  and  Hooker). 
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Once  out  of  bed  the  patient  should  at  first  be  given  a  day  or  two  of 
<:'omp!et^  rest  to  accommodate  himself  to  the  new  position.  Then  he  may 
be  allowed  to  begin  gradually  with  a  few  of  the  resisted  movements,  if  a 
competent  attendant  or  physitian  can  supervise  them;  if  this  is  not  avail- 
able, he  may  be  allowed  to  practise  a  few  exercises  in  contracting  antago- 
nistic muscles  (Selbsthemmungsbewegungen),  at  first  under  the  direction 
of  the  physician,  later  under  the  observation  of  a  skilled  attendant,  or  of  some 
reliable  member  of  the  family  who  has  been  carefully  instructed  in  the  pre- 
cautions given  above.    About  this  stage  the  bath  treatment  may  be  begun. 

(4)  Mechanical  gymnastics  (with  the  Zander  apparatus  or  modifica- 
tions thereof)  can  be  recommended  only  when  supervised  by  persons  of 
Bat  experience  and  excellent  judgment. 

Training:  at  End  of  Treatment.— (W)  When  the  patient  has  recovered 
somewhat,  but  not  sufficiently  to  withstand  the  wear  and  tear  of  daily 
life,  he  should  be  encouraged  to  take  short  walks,  gradually  lengthening 
the  space  covered,  at  first  about  the  hospital  grounds,  later  about  the 
city  or  country,  keeping  records  of  the  distance  traversed  each  day.  He 
may  then  be  allowed  to  walk  up  hill.  Pari  passu  with  this  the  resisted 
or  antagonized  movements  and  the  baths  should  be  given.  Before  dis- 
charging the  patient,  he  should  be  compelled  to  take  some  regular  gym- 
nastic exercises  every  day  and  made  to  do  work  at  least  as  strenuous  as 
that  which  will  form  the  routine  of  his  daily  life  after  passing  from  under 
the  physician's  care.  It  is  no  more  fair  to  the  convalescent  to  put  hira 
directly  back  from  the  sedentary  life  of  the  bedroom  or  the  hospital  to  the 
deadly  struggle  for  existence  outside  than  it  would  be  to  match  the  average 
citizen  against  a  prize-fighter.  He  must  be  gradually  trained  for  the  effort. 
This  principle  was  veiy  well  recognized  by  da  Costa  during  the  Civil  War. 
Before  sending  his  patients  back  to  their  regiments  where  they  were  subject 
to  heavy  field  duty,  forced  marches,  etc.,  he  kept  them  at  lighter  duties 
about  the  hospital,  upon  local  guard  duty,  etc.,  and  from  time  to  time 
during  this  period  subjected  them  to  tests  of  increasing  severity  (running 
races,  etc.)  until  he  was  quite  certain  of  their  ability  to  stand  the  strain. 
The  magnificent  results  which  he  reports  from  his  large  series  of  cases 
treated  under  otherwise  unfavorable  conditions  constitute  a  fitting  monu- 
ment to  one  of  America's  greatest  clinicians,  and  merit  the  careful  study 
of  all  who  would  learn  how  cures  should  be  obtained  in  heart  diseases. 

Treatment  and  Occupation. — On  the  other  hand,  the  training  to  which 
the  patient  need  be  subjected  should  be  suited  to  the  life  that  he  leads.  It 
would  be  unnecessary  to  train  a  clerk  in  a  store  up  to  the  point  of  muscular 
strength  that  is  necessary  for  the  ordinary  laborer.  But  it  is  necessary 
that  he  should  not  be  exhausteti  by  a  few  hours'  standing  lest  the  cardiac 
overstrain  return.  On  the  other  hand,  when  restitutio  ad  integrum  has  not 
been  possible,  the  patient's  life  must  net  be  the  same  as  it  was  before  his 
illness.  His  work  must  be  cut  down.  This  may  often  be  done  in  the  more 
well-to-do  without  changing  the  business  by  employing  assistants  to  attend 
to  all  except  the  more  essential  affairs.  Poorer  persons  must  change  their 
occupations.  It  is  as  much  the  duty  of  the  physician  to  see 
that  this  is  done  after  the  recovery  as  it  was  his  duty 
during    the    height    of    the    illness    to    give    correct    treat- 
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nient .  Otherwise  he  has  merely  prepared  the  patient  for  another  break- 
down. The  difficulty  in  finding  suitable  occupation  and  the  acumen  neces- 
sary in  meeting  changed  conditions  increase  rather  than  decrease  the 
responsibihty  of  the  physician  in  this  regard.  He  must  see  to  it  that,  as 
stated  by  Professor  0-sler,  "the  patient  must  always  live  within  his  income 
of  cardiac  energy."  His  mode  of  life,  and  especially  the  speed  of  his  move- 
ments and  the  intensity  of  his  efforts,  should  bo  so  regulated  that  he  no 
longer  feels  at  any  time  palpitation,  slwrtness  of  breath,  or  precordial  pain. 

HYDROTHERAPY  IN  THE  TREATMENT  OF  HEART  DISEASES. 

Although  the  healing  power  of  mineral  springs  and  baths  was  thought 
by  the  older  physicians  to  be  well-nigh  universal,  the  scientific  application 
of  hydrotherapy  to  heart  disease  is  due  largely  to  the  studies  of  a  small 
group  of  men  at  Bad  Nauheim,  Germany,  Benecke,  in  ls70,not^d  the 
favorable  action  of  baths  at  this  watering-place,  but  it  is  to  August  Schott 
that  is  due  the  real  credit  for  introducing  into  cardiac  therapy  what  is 
really  a  ver>'  valuable  method  of  treatment. 

PHYSIOLOGICAL    ACTION    OF    BATHS. 

Physiologically  it  has  been  found,  especially  by  ICrlanger  and  Hooker, 
and  a  little  later  by  Jacob  an<l  Strasburgcr,  that  all  baths  given  at  about 
the  temperature  at  which  the  body  neither  gives  off  nor  loses  heat  (92°  F., 
33°  C.)  increase  the  pulse-pressure  and  slow  the  pulse-rate.  Strasburger 
found  this  to  be  particularly  true  as  regards  baths  of  the  same  composition 
as  tho.se  at  Xauhcim,  or  intlecil  any  other  baths  in  which  COj  is  effervescing; 
and  ascribes  this  action  to  the  dilatation  of  the  vessels  in  the  skin  over  the 
whole  body,  as  well  as  to  the  cardiac  reflexes  from  stinmlation  of  the  sensory 
nerves  by  the  prickling  sensation  of  the  CO2  (s<^e  page  242).  These  effects  in 
themselves  would  be  sufficient  upon  a  prion  gnmnds  to  indicate  a  probable 
value  of  such  baths  on  w^mkened  hearts.  Schott's  treatment  has,  however, 
long  antedated  these  explanations.  Schott,  Thorue^  Schniinke,  and  a  host  of 
other  observers  have  demonstrated  that  the  area  of  cardiac  dulness  and 
the  X-ray  shadow  of  the  heart  diminished  after  such  a  bath  (cardiac  tonicity 
increased). 

An  excellent  treatise  of  his  results  and  those  obtained  by  other  ob- 
servers is  given  in  exttnso  in  English  in  tlie  monograph  of  W.  Bezly  Thorne, 
to  which  the  reader  is  referred  for  details  of  the  method.  Other  excellent 
accounts  are  given  by  Satterthwaite,  P.  K.  Brown,  ct  al. 

PRECAUTIONS. 

The  baths  should  not  be  given  to  patients  who  are  in  the  extreme 
stages  of  cardiac  break-down,  nor  indeed  to  any  very  weak  patients,  until 
they  have  been  prepaied  for  the  slight  strain  which  accompanies  them  by 
some  course  of  mild  exercises,  preferably  resistance  exercisers  (see  page  268). 
They  should  never  be  taken  less  than  one  or  two  hours  after  a  light  meal 
or  four  to  five  hours  after  a  heavy  one,  and,  on  the  other  hand,  should  not 
be  given  upon  an  absolutely  empty  stomach. 


NATURAL    AND    ARTIFICIAL    NAUHEIM    IJATHS. 

The  Nauhcim  haiiis  are  obtained  from  several  mineral  springs  of  dtFTercnt  com- 
poBition.  A  course  of  baths  ie  l*guri  in  the  Great  Spruilel  {coin[x>8ition  11,0  10(M),  NaCl 
2.IS,  KCI  0.5,  CaCl,  1.7,  Mgt'lj  0.4,  calcium  bicarbonate  2.3.  CO,  :il7;  tempera*  tire  31.6°  C-. 
88,8"  F.),  mast  of  t!ie  CO,  iK'itip  allowed  to  escafH?  tiefore  immersion  of  the  patient. 

The  effect  of  the  Naiiheitu  batlis  can  be  iniitatwi  at  home  or  in  the  hoe|.>ital  by  add- 
ing the  sjiine  salt*  »o  the  water  in  tlie  lialh-tub.  A  great  variety  of  .niich  artifi- 
cial Nauheini  salts  are  on  the  market,  put  up  in  packages  ready  for  use.  The 
must  satisfactory  known  to  the  writer'  contains: 

Grammes.     Poun<!s.     Per  cent. 

S«>dium  chloride 1.. 3500  S  2  2 

Calcium  chloride  (magnfsium  chloride) , 900  2  0. 5o 

.Swliiim  bicarbonate. SOO  If  0.1 

Sixlium  bisiilphate  yielding  CO, .  1000  2J  0.29           ^ 

In  order  to  previnit  the  bisulphute  from  injuring  the  tub  it  is  advisable  to  cover  the 
walls  and  floor  of  the  latter  with  a  lar^e  slieet  of  rublwer  cloth  about  ti  x  8  ft.  in  size.  The 
bath  is  filled  with  warm  water,  00°- Oa^^F.  la  pootl-sized  bath  requires  4t)  to  45  jra!. — 150  to 
17o  litre>)  and  the  salts  added — first  the  sixHunt  chloridt!,  thwn  the  calcium  chloride,  then 
the  s«K]iimi  bicarl>oiiate,  ami  lastly  the  iicid  sulphate  {NaHCOj  +  NaH.S0,=NaaSO,-i-C0,-f 
UjO).     The  eflTervescence  continues  throughout  the  bath. 

TAirTIONfe   IN    r.IVI.VG    BATHS. 

In  preparing  the  first  bath  it  is  better  to  begin  with  half 
strength  of  the  salts  or  even  less.  The  patient  is  allowed  to  remain  in 
this  bath  not  longer  than  fifteen  minutes,  being  watchetl  care- 
fully during  this  time  and  removed  at  once  if  there  is  the  slightest 
increase  in  cyanosis  or  real  discomfort  of  any  kind— flushing, 
excitement,  or  syncope.  "The  immediate  effect  of  the  first  few  bath.s  is  to 
prodiu'c  a  sense  of  oppression  at  the  precortlitim,  imder  the  influence  of 
which  the  patient  breathes  slowly  and  deeply  for  two  or  three  minutes. 
Respiration  then  becomes  easy  and  continues  slower  by  from  two  to  four 
breaths  a  minute/'  after  which  the  symptoms  subside.  In.genera!  the  effect 
should  be  similar  to  that  in  the  following  case  fjuoted  from  Thorne: 

"A  patient,  ape*!  4t),  who.«ie  health  had  l>een  declining  for  years,  was  found  to  have 
a  pulse  of  SO  tn  the  n-cumlx-nf ,  and  of  88  in  the  sittinc,  jjopilkvn.  While  he  nlood  it  varied 
from  100  to  ltJ4,  and  if  he  walked  ton  paces  it  roat*  from  I'iO  to  130.  The  apK-x  was  found 
to  beat  an  inch  otitside  the  nipple  tine.  Within  two  minutes  of  iiiunereion  in  his  first 
therttud  hitlj  the  pnlse  had  fallen  to  70.  and  judged  by  the  finger  appeared  to  have  doubled 
its  volume;'  at  tlie  end  uf  four  minutes  it  wa.s  ijS,  in  six  minutes  66,  in  eight  minutes  08, 
and  while  Btanding  after  the  bath  it  wjih  W.  Before  he  left  the  bath  after  an  immersion 
of  ten  niitiutes,  the  a(»ex  beat  wa«  found  to  have  reeeile<l  half  an  inch  in  the  direction  of 
the  mciiial  line,  and  nai!»  and  fingers,  which  had  been  snow-white  U[>  to  the  junction  of 
the  second  wilii  the  first  pha]an.x,  had  assumed  u  healthy  fleab  tint." 

Thi.s  healthy  reaction  of  the  skin  should  he  present  within  a  few  niiimtea 
after  the  bath.     Its  absence  indicates  that  the  treatment  has  been  too 

'  Put  up  by  R.  R.  Rogers  Chemical  Cb..  San  Francisco.  This  preparation  is  partic- 
ularly useful,  owing  to  the  excellent  grade  of  .sodium  bisnlphate  |>rei>an'<l  and  the  |)erma- 
nent  and  convenient  form  in  wliich  it  is  put  up.  Moreover,  the  sodium  bisulphate  is  put  up 
in  himjw  the  size  of  a  liuzel-nut,  which  allows  the  CO,  to  be  generated  unifonnly  through- 
01U  the  liath. 

*  Probably  the  pnlse-pressiire  had  actually  doubled. 
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violentj  too  prolonged,  or  in  other  ways  unsatisfactor>%  and  unless  this 
can  be  obviated  after  the  next  bath  or  two  the  treatment  should  be  dis- 
continued. 

After  the  bath  the  patient  should  be  made  to  lie  down  and  rest,  if  pos- 
sible to  sleep,  for  at  least  an  hour  before  leaving  the  building  or  doing  any- 
thing else,  and  upon  this  rest  as  much  as  anything  else  depends  the  success 
of  the  treatment. 

MUD   AND    PEAT   BATHS. 

A  number  of  observers  favor  the  use  of  mud  (Schlammbader)  and  peat 
baths  (Soolbader),  especially  those  containing  carbon  dioxide,  in  cases  of 
heart  disease.  Their  effects  are,  in  the  main,  similar  to  those  of  the  Nauheim 
baths,  but,  owing  to  the  after-cleaning,  the  procedure  is  somewhat  more 
severe  and  the  latter  is  to  be  preferred.  Boehr  is  particularly  careful  to  wara 
against  their  use  in  patients  with  anginal  symptoms. 

ELECTRIC   BATHS. 

Electric  baths,  in  which  the  patient  is  immersed  in  water  through  which 
an  electrical  current  is  passing,  are  also  used  extensively  in  the  treatment  of 
cardiac  disease. 

Either  alternating  or  sinusoidal  currents  are  employed,  using  large  copper 
or  ssinc  electrodes.  The  current  should  be  strong  enough  to  produce  well- 
marked  prickly  sensations  upon  the  skin,  but  not  to  cause  suffering  to  the 
patient.  Sinusoidal  currents  are,  as  a  rule,  more  soothing  than  simple  alter- 
nating currents  and  therefore  have  a  somewhat  wider  application. 

In  the  main,  the  eflfects  of  electric  baths  are  similar  to  the  carbon  diox- 
ide baths,  the  chief  effects  being  the  vigorous  counterirritation  of  the  skin, 
dilatation  of  the  superficial  blood-vessels,  and  reflex  stimulation  of  the 
heart  through  the  prickly  cutaneous  sensation.  It  cannot,  however,  be 
stated  with  certrainty  that  their  actions  are  the  same  in  every  particular, 
especially  since  Sir  William  Ewart  and  others  have  suggested  that  the  action 
of  the  Nauheim  baths  is  due  largely  to  the  excess  of  carbon  dioxide  escaping 
into  the  air  and  inhaled  by  the  patient,  a  factor  which  is  of  course  lacking 
in  the  electric  baths. 

On  the  other  hand,  the  electric  currents  produce  a  certain  amount  of 
stimulation  of  the  muscles  with  a  corresponding  dilatation  of  their  blood- 
vessels and  thus,  as  Biidingen  and  Geissler  have  claimed,  exert  an  effect 
similar  to  mild  gymnastics. 

Accurate  comparisons  of  the  eflfects  of  electrical  and  carbon  dioxide  baths 
in  large  series  of  cases  are,  unfortunately,  lacking,  and  the  effects  depend  so 
largely  upon  the  watchfulness  and  discretion  of  the  individual  administrator 
that  it  is  difficult  to  draw  conclusions. 

As  Biidingen  and  Geissler  have  stated,  the  indications,  contraindications, 
and  precautions  are  about  the  same  as  for  the  Nauheim  baths.  Rumpf 
reports  beneficial  results  in  cases  of  cardiac  overstrain,  arteriosclerosis,  and 
especially  in  the  hearts  of  acute  alcoholism;  but,  though  this  author  has  met 
with  no  ill  effects  in  cases  of  coronary  sclerosis,  most  observers  will  agree 
with  Biidingen  that  this  treatment  is  central ndicated  in  such  cases. 
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TREATMENTS. 

Ill  spite  of  the  undoubted  excellent  results  which  are  obtained  by  hydro- 
iherapeutie  measures,  it  must  always  be  borne  in  mind  that  the  class  of  cases 
in  which  these  eiTects  can  be  expected  is  a  limited  one.  From  the  earliest 
days  of  medicine  to  the  present  there  has  prevailed  a  tendency  to  look  upon 
tlie  mineral  spring  with  a  certain  superstitious  awe  as  some  miracle  of  nature, 
some  ^t,ift  of  the  gods  f)ossessed  of  mysterious  powers,  rather  than  as  a  definite 
therapeutic  measure  exerting  definite  physiological  effects.  Accordingly,  as 
has  been  stated  al)ove,  there  has  resulted  an  intliscriminate  flocking  to  the 
various  spas,  and  particularly  to  Nauheim,  of  all  classes  of  patients  in  all 
stages  of  disease;  and  many  patients  who  could  barely  survive  the  effort  of 
travel  have  hurried  off  to  the  spa  as  a  last  resort,  hoping,  with  the  fervor  of  a 
pilgrim  to  Lourdes,  to  obtain  a  cure  which  under  such  conditions  would  be 
indeed  miraculous.  To  expect  all  but  the  moat  conscientious  of  the  spa 
physicians  to  refuse  or  delay  bath  treatment  to  a  patient  who  has  made  such 
a  pilgrimage  to  obtain  it  would  be  exp(*cting  a  great  deal  of  human  nature. 
These  are,  of  course,  the  cases  which  result  badly  and  reflect  discredit  upon 
the  places  which  they  frequent  and  upon  spa  treatments  in  general. 

The  taking  of  all  forms  of  bath,  whether  hot  or  cold,  carbonated  or  non- 
carbonated,  whether  clear  or  muddy  or  charged  with  electricity,  constitutes 
more  or  less  of  an  effort  to  the  patient.  They  are,  therefore,  of  benefit  chiefly 
to  those  patients  who  are  capable  of  obtaining  benefit  from  graded  efforts, 
and  are  often  harmful  to  those  to  whom  such  efforts  are  injurious.  The 
patient  with  severe  angina  pectoris,  coronary  sclerosis,  badly  broken  com- 
pensation, anasarca  or  severe  dyspncEa  when  at  rest  is  not  the  one  for  whom 
the  bath  treatment  is  desirable,  unless  perhaps  under  exceptional  circum- 
stances. For  these  cases  the  bath  treatment  in  not  a  mode  of  treatment, 
but  an  after-treatment;  and  whether  one  agree  entirely  with  Mackenzie, 
that  their  effects  are  no  different  from  those  of  a  vacation  spent  elsewhere,  or 
whether  one  accepts  the  results  of  the  careful  studies  upon  blood-pressure 
mentioned  in  the  foregoing  chapter,  it  is  perhaps  a  safe  rule  not  to  recom- 
mend patients  to  a  treatment  at  a  spa  until  they  are  almost  in  a  fit  condition 
to  take  a  vacation  elsewhere. 

It  is  in  the  cases  between  the  grade  of  actual  cardiac  failure  and  complete 
return  to  vigor,  those  suffering  from  lassitude,  undue  fatigue  and  slight  dila- 
tation on  exertion,  that  the  good  effects  of  bath  and  s])a  treatment  are  most 
pronounced.  Exactly  how  much  of  this  is  due  to  the  rest  anti  change  of  scene, 
how  much  to  the  physiological  effects  upon  the  circulation,  and  how  much  to 
the  stimulating  effects  of  suggestion  from  the  surroundings  and  the  optimis- 
tic enthusiasm  of  fellow  patients  is  extremely  difficult  to  gauge;  and  on  the 
other  hand  it  must  be  l>orne  in  mind  that  recent  ol>servations  have  shown 
the  presence  of  radio-active  substances  in  the  waters  of  ju.st  those  springs  to 
which  popular  tradition  and  clinical  experience  had  ascribed  the  greatest 
medicinal  powers.  Radium  &n<\  the  radio-active  substances  are  unquestion- 
ably possessed  of  tremendous  physiological  activity,  giving  rise  to  tissue 
changes  which  are  often  late  and  remote,  effects  difficult  to  study  with  accu- 
racy even  in  experiment. 
19 
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In  cases  of  persistent  high  bloocl-pressure  of  arteriosclerotic  or  nepliritic 
origin,  the  effect  of  baths  in  dilating  the  vessels  of  the  cutaneous  circulation 
is  often  of  benefit;  but  here,  aj;ain,  the  stage  of  the  disease  and  the  degree  of 
cardiac  compensation  is  of  more  importance  than  the  exact  nature  of  the 
comlition.  What  is  beneficial  to  the  man  who  suffers  from  occasional  head- 
aches, insomnia  or  nervousness  but  who  remains  free  from  oedema  may- 
prove  distinctly  harmful  to  the  same  individual  when,  a  few  years  later,  he  has 
passed  into  the  stages  of  dyspnoea  and  anasarca,  in  which  every  minimal 
effort  must  be  undertaken  with  caution.  Even  in  the  early  stages  of  high 
blood-pressure,  however,  too  great  caution  cannot  be  urged  io  the  prescribing 
of  heavily  cartwnated  baths  or  baths  at  high  temperatures,  and  these  should 
when  ordered  be  carried  out  for  some  time  under  the  personal  supervision  of 
a  physician,  lest  some  momentary  weakening  effect  carry  the  heart  past  the 
limits  of  its  tonicity  and  a  dangerous  or  even  fatal  dilation  set  in. 

A»  regards  the  use  of  home  modifications  of  the  various  baths  versus  a 
sojourn  at  a  spa,  each  case  must  be  considered  on  its  own  merits.  After 
carefully  weighing  the  question  of  whether  in  the  individaul  case  hydrother- 
apy is  advisable  at  all,  the  pliysician  should  balance  the  expense  and  efforts 
of  the  trip  against  the  beneficial  effects  of  the  stimulating  .surroundings  at  a 
spa,  which  he  cannot  fail  to  realize  are  lacking  in  home  treatment.  In  this 
regard  the  home  conditions  and  the  mental  attitude  of  the  patient  himself 
toward  his  surroundings  play  quite  as  important  a  r61e  as  the  mere  physio- 
logical effects. 
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VII. 
HYPERTROPHY    AND    ATROPHY. 

HYPERTROPHY. 

To  enaltle  the  heart  to  recover  from  an  overstrain  and  the  consequent 
dilatation,  tn  maintain  the  circulation  in  the  presence  of  a  valvular  lesion 
or  dilatation,  or  to  reestablish  compensation  once  broken,  it  must  put  forth 
an  increase  in  force.  The  stimulu:?  for  this  seems  to  lie  in  the  increase  in 
residual  blood  in  the  ventricle,  which  acts  as  an  increase  in  load  upon  the 
heart  muscle,  and  thus  tends  to  increase  both  irritability  and  force  of  con- 
traction, as  shown  by  O.  Frank  (see  page  204),  and  particularly  to  bring 
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Pio.  136. — Hypertruphic,  norninl,  nnd  ntrophir  hMirtA.     (From  MpM^imen-t  in  the  Army  Msdiciil  MuteuJD, 

WaalkiuKtou.   D.  C.) 

about  an  increase  in  tonicity.  It  seems  probable  that  this  increase  in 
tonicity  is  of  primary  importance  as  a  predisposing  factor  to  hypertrophy, 
and  Barcroft  and  Dixon  have  shown  that  increased  tonicity  is  accompanied 
by  an  increased  CO,  metabolism  in  the  heart. 


PATHOLOGICAL    ANATOMY. 

Changes  in  the  Fibres. — The  main  visible  change  whicl»  tlie  heart  muscle  undergoes 
is  a  swelling  of  the  individual  fibres  (TangI,  Goldeuberg,  Dehio,  R.  M.  Pearce)  with  little 
if  any  multiplication  of  the  njusele-celU.  tioldenberg  tind»  that  the  luuscle-ccils  in  the 
wall  of  the  hypertrophic  heart  have  a  diameter  of  17.05  t*,  in  the  normal  heart  12.85  ,", 
an»l  in  the  atrophic  heart  10.S4  ^.  The  striation  of  the  fibres  also  becomes  le«s  distinct, 
and  vacuoles  a|ipear  in  the  aarcoplaam,  changes  which  are  Bimilar  to  what  is  observed  in 
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a  striated  muscle  as  the  result  of  prolonged  contraction.  Ranke  has  ehown  that  in  skeletal 
nmscle  these  changes  are  due  to  imbibition  or  endosmossis  of  water,  wtiich,  according  t^o 
the  beautiful  experiments  of  J.  Ix»eb  and  his  pupil,  Mias  Cooke,  is  brought  about  in  the 
following  way:  During  the  riiuscukr  contraction  tho  more?  complex  molecules  bneak  down 
into  several  simpler  ones,  thereby  increasing  the  number  of  molecules  in  solution  in  the 
muscle  plasma,  the  osmotic  pressure  rises,  and  hence  brings  about  an  endosmoais  of  water 
into  the  fibrc-i*.'  Having  once  enteretl,  the  water  molecules  remain  and  Ihe  muacle  Bwells. 
There  can  be  little  doubt  that  the  eame  process  is  going  on  in  cardiac  muscle,  and  il.  A. 
Stfwarl  (I*roc.  Soc.  Exi>er.  Biol,  and  Mefl.,  1911,  viii,  13)  ha^  found  that  the  water  content 
of  heart  muscle  of  animals  with  experimental  aortic  insufficiency  is  greater  than  normal. 

In  cardiac  hypertrophy  three  anatomical  chaeges  may  be  said  to  take 
place  siiiniltaneously :  (1)  an  increase  in  size  of  the  individual  muscle- 
cells,  but  apparently  no  increase  in  their  number;  (2)  a  certain  amount  of 


I  u:.  KIT. — PfaotomtcroKraphi  of  atrophic  and  bypertrophic  heart  muscle.  A.  Atrophic  heart 
EDtiftclc,  yhuwin%  (tmall  cellfl.  Thc^  cpecitnen  almi  mIiowx  some  cpJetno  nnd  ptkighr  tnunonuclear  infiltration 
between  the-  uiut<cl«  cclle.     B.  H>TM5rtrophic  heart  tnunele  showing  large  cells  with  swolleo  nuol«. 


degeneration  is  almoat  always  present  in  some  of  the  muscle-cells  j  (3)  a 
proliferation  of  the  strands  of  connective  tissue  between  the  bundles  of 
muscle-fibres  (interfascicular  myofibrosis,  see  page  313). 

Dehio  and  Pearce  have  shown  that  each  fibre  may  pass  through  the 
following  stagee:  normal  —  hypertrophy  -*  degeneration,  the  latter  stage 
being  associated  with  proliferation  of  interstitial  connective  tissue  (myo- 
fibrosis). Accordingly,  wc  may  find  the  heart-cells  in  the  following  con- 
ditions: 

(1)  Normal +  hypertrophied  (heart  somewhat  enlarged;  aa  in  athletes,  also  in  KOlbe's 
dogs). 

(2)  Hyijcrtrophied  +  degenerateil*  some  proliferatioa  of  connective  tissue  (heart 
much  enlarged — cor  l>ovinum;  still  strong). 

(3)  Degenerated.  Marked  proliferation  of  connective  tis«ue.  Marked  weakness  of 
the  heart.    I^rge  failing  heart.      Hy;ierfrt>phy  +  dilat-ation  (digitalis  often  harmful). 


^  Fleischer  and  Leo  Loeb  have  advanced  the  same  explanation. 
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Types  of  Hypertrophy. — Hypertrophy  was  supposed  by  Cohnheim  to 
assume  three  types: 

(1)  General  concentric  hypertrophy,  involving  all  the 
chambers  of  the  heart  about  equally. 

(2)  Local  concentric  hypertrophy,  involving  the  walls 
of  one  or  more  chambers  of  the  heart  which  is  subjected  to  extra  work. 
The  fibres  are  not  especially  elongated, 

(3)  Local  (exccntric)  hypertrophy  with  elongation  of 
the  muscle-fibres,  as  in  aortic  insufficiency.  The  elongation  of  the  fibres  is 
somewhat  out  of  proportion  to  the  increase  in  size  of  the  heart. 

The  existence  of  the^e  three  types  of  hypertrophy  as  separate  entities 
was  akcady  disputed  by  Cruveilhier  in  1S33.  It  is  probable  that  the  size 
of  the  cavities  as  found  at  autopsy  bears  no  constant  relation  to  that  pres- 
ent during  life.  Moreover,  the  ventricular  cavities  in  cases  of  chronic 
nephritis  are  often  quite  as  large  as  those  in  hearts  of  aortic  insufficiency, 
though  the  former  typifies  the  so-called  concentric,  the  latter  the  excentric 
hypertrophy. 

Occurrence  and  Sites  of  Hypertrophy. — The  relative  frequency  with 
which  these  factors  occur  in  cases  of  hypertrophy  is  shown  in  the  following 
statistics  compiled  by  W.  T.  Howard  from  autopsies  made  in  the  Patho- 
logical Department  of  the  Johns  Hopkins  Medical  School  upon  108  subjects 
showing  hypertrophy  of  the  heart. 


Arteriosclerosia 

Nefihritis 

Valvular  lesions  uf  the  heart. , 

Adherent  perica.rdiuin 

Hard  work 

Tujjnors 

Aneurism  of  the  heart  wall. . . . 
Hsemic  plethora 


Total 


Caiwfl. 

65 
14 
13 

8 
4 

2 

1 

1 

108 


Per  cent. 

59 

13.4 

12.4 
7.6 
3.8 
l.» 
0.95 
0.95 

100 


The  right  ventricle  showed  hypertrophy  in  70  cases  (66  per  cent.),  of 
which  there  were — 

Arteriosclerosis  (often  of  pulmonary  artery),  52;  adhesive  pericarditifl,  6;  valTular 
lesionB,  8;  chronic  nephritis,  3;  hyilra^mic  plethora,  I. 

Hypertrophy  of  the  auricles  (atria)  was  most  marked  in  mitral  stenosis 
d  adhesive  pericarditis. 

Strain,  Exercise,  and  Hypertrophy.— In  normal  individuals  the  weight 
of  the  heart  is  almost  proportional  to  the  weight,  not  of  the  entire  body, 
but  of  the  muisculatui*e  (W.  Midler,  Hirsch),  being  relatively  low  in  fatty 
and  relatively  high  in  muscular  individuals.  The  absolute  weight  of  the 
heart  is  about  tIu  (.0059)  of  the  body  weight  in  men,  y^j  (,00546)  in 
women.  The  same  general  principle  applies  in  animals,  the  most  active 
animals  having  the  largest  hearts,  especially  race-horses,  hares,  etc.,  as 
compared  to  less  active  members  of  the  same  species. 

When,  however,  the  heart  is  subjected  to  abnormal  strain,  especially 
as  the  result  of  valvular  lesion,  it  hypertrophies  and  increases  in  size  to 
dimensions  which  are  often  enormous.     It  is  not  very  uncommon  to  ftudi 
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hearts  of  twice  or  even  three  times  the  normal  size  (500  to  SCK)  Gm.,  17  to 
26  oz.),  and  in  the  Army  Medical  Museum  in  Wasliington  there  ia  a  speei« 
men  of  one  weighing  1000  Gni.  (33  oz.).  AuoLher  heart  of  1400  Gm,  (46^ 
oz.)  has  been  reported.  Such  a  heart  ia  usually  designated  as  a  beefy 
heart  or  cor  bovinuin,  indicating  the  animal  to  which  its  size  would  be 
proportioned. 

Work  Hypertrophy.^Wlietber  a  true  hypertrophy  occurs  in  a  per- 
fectly healthy  heart  has  been  much  dispute^!,  many  writers  taking  the 
stand  with  Romberg  that,  "though  the  possibility  of  a  'work  hypertrophy' 
cannot  be  denied,  more  proofs  of  its  existence  are  necessary." 


Pio,  138.^Hettrt  (A )  of  nonn»l  Aog,  and  (B)  of  dog  which  has  nin  for  three  months  on  a  trcad-mni. 
(After  Kulba,  Arch.  /.  txp^tt.  I'ath.  u.  Pharmacol.,  Iv.) 


Recently ^  however,  absolute  proof  of  a  work  hypertrophy  without  myocardial  degen- 
eration has  been  brought  by  the  beautiful  experJnietitB  of  Kiilba.  This  observer  took  two 
dugs  <if  the  suiiie  litter  aud  of  equal  size,  ke|jt  them  hi  iieiffhboring  cages  upon  the  same 
diet,  but  comppIle<l  one  of  them  to  run  ujwjii  a  trpatl-mill  daily  for  three  to  six  months, 
while  the  other  wjs  kept  quiet  and  Uijcd  as  a  control,  .^t  the  end  of  this  time  both  doga 
were  killed  in  the  same  manner. 

First  set. 
Work  doi;.       (Tuntrd. 

Total  weight l.>,200         15,0(>() 

Musculature 5,f390  5,:i42 

Heart 152  9U 


Second  set. 

Work  dog.       Control. 

19,20<J  20,400 

e,4Ky  0,776 

172  113 


Kulbs's  results  have  been  confirmed  by  GrObcr  ami  hy  Joseph. 

The  increase  in  size  of  the  heart  was  not  accompanied  by  any  clrnnge  in  the  skeletal 
muflculature,  nor  were  any  pathological  changes  pre.senl  in  the  heart  or  arteries.  The 
muscle  here  simply  underwent  an  increase  in  size,  the  purest  form  of  hypertrophy.  KOlbs's 
doip^  were  simply  in  training  to  run  on  a  tread-mill.  The  process  was  exactly  the  same  aa 
the  "training"  of  an  athlete,  and,  clinically,  it  is  often  foiiuui  that  athletes  have  mildly 
hypertrophied  hearts.  SchiefTer  haa  demonstrate<I  with  the  ortliixliugraph  that  the  «ze 
of  the  heart  is  increased  in  persons  whose  occupations  require  hard  work  and  decreased  in 
those  with  sedentary  callingB.  He  has  also  shown  that  the  hearts  of  the  young  men  doing 
miUtary  service  in  the  Gerrnani  Army  increase  in  size  somewhat  during  their  period  of 
service.  However,  these  men  often  indulge  in  excess  of  alcohol  or  tobacco,  so  that  before 
they  flie  enough  myocardial  ctiange  has  net  in  to  justify  the  scepticism  of  men  like  Krehl 
(I.e.)  and  Roml>erg  (I.e.).  Nevertheless,  though  a  true  *'work  hypertrophy"  mutd  be 
admitted,  in  these  experiments  it  is  noticeable  that  the  increase  in  weight  of  the  heart 
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amountcHl  to  only  32  per  cent,  as  compared  with  changes  of  100  to  300  per  cent,  often 
^observpcl  in  man.  It  is  doubtful  whether  a  rorreBponding  degree  of  hypertrophy  would 
|he  noticeable  clitiieaUy 

ETIOLOCJICAL    FACTORS. 

Hypertrophy  in  Chronic  Nephritis. — The  moat  remarkable  and  most 
important  of  all  these  forms  of  hypertrophy  is  that  taking  place  in  chronic 
nephritis!.  This  was  first  noticed  by  Richard  Bright  in  his  elassical  descrip- 
tion of  dropsy  in  nephritis. 

In  IS5.3,  Wilkes  thought  that  the  lesions  of  the  kidneys  and  arteries  were  part  of  the 
same  morbid  condition;  while  CJuU  and  Sutton  ttfisiirned  that  the  general  arteritRVHipillarj' 
fibrosis  brouglit  about  an  increased  resistance  ihrough  narrowing  of  the  arterial  bed,  and, 
a«  a  rfault  uf  this,  high  blood-pressure  and  hypertrophy  of  the  heart.  Senator  ascribed  the 
hypertrophy  to  a  "dyscraaic"  property  of  the  bloml  in  nephritis,  stimulating  the  heart 
to  contractions  of  abnormal  force.  Piisaler  ami  Heiueke  have  recently  gubjected  the 
matter  to  critical  ex|>eriment.  They  found  that  if  they  cut  out  pieces  of  kidney  from  a 
dog  bit  by  bit  until  renal  sulwtance  etjual  to  li  kidneyw  bad  been  remove<l,  the  heart  then 
began  to  hypertrophy  and  the  blood- pressure  to  rise.  If  considerably  more  tissue  was 
l^iemoved,  the  antnuil  l>ecame  cachectic,  the  blood-pressure  remained  low,  and  the  heart 
did  not  hypertro|)hy.  They  ascril>ed  these  cardiac  changes,  as  (ieorge  Johnson  had  done, 
to  the  presence  in  the  bloo«l  of  some  substance  having  a  digitalis-like  action,  being  either 
retained  in  the  circulation  in  abnormally  large  fjuanlities  as  the  result  of  dbtvirbed  excre- 
tion, or  being  u  true  internal  secretion  from  the  thseased  kidney.' 

Numerous  other  theories  of  cartUac  hypertrophy  in  renal  disease  have  been  advanced. 
Chief  among  these  Is  the  theory  of  J.  Cohnheim  ami  Trsiube  that  the  sclerosis  of  rennl 
vessels  narrowed  the  arterial  l)ed  in  the  kidney,  thereby  introducing  an  increased  resistance 
into  the  general  circulution,  and  that  these  changes  in  the  renal  vpssels  wen*  enough  to 
raise  the  general  blood-pressure.  It  would  appear  in  the  light  of  more  modem  research 
that  this  cutting  off  of  the  blood  stream  is  in  itself  insufficient.  Jores  (Deutsches  Arch.  f. 
klin..  Med.  J  claims  to  find  hypertrophy  only  in  patients  with  red  granular  kidneys  (glom- 
erular sclerosis)  and  not  in  those  with  small  white  kidneys  (tubular  nephritis)  (see  page 
45).  There  is  a  true  h>T>ertrophy  and  not  a  mere  growth  of  connective  tissue  as  suggested 
by  Buhl,  Huehard,  and  Albrecht. 

Hypertrophy  from  Overdrinking. — Closely  allied  to  this  condition  is  the 
tremeiidou.s  lieart  hypertrophy  which  is  uiiiversally  found  to  result  from 
drinking  hirge  quantities  of  beer,  and,  eince  it  does  not  accompany  excess 
in  any  other  form  of  alcohol  to  the  same  extent,  it  is  thought  to  be  due  to 
the  large  quantity  of  fluid  ingested.  That  increase  in  the  fluid  in  the  blood 
at  once  results,  not  so  much  in  a  rise  in  arterial  blood -pressure  as  in  rise  in 
venous  blood-pressure,  dilatation  of  the  heart,  and  increases  in  the  systolic 
output,  even  to  the  point  of  doubling  or  trebling  it,  can  easily  be  shown 
with  Henderson's  cardionveter.  and  this  no  doubt  illustrates  the  mechanism 
by  which  the  change  is  brought  about. 

Hypertrophy  and  Arteriosclerosis.— The  relation  of  hypertrophy  of  the 
heart  to  arteriosclerosis  independent  of  any  renal  changes  is  also  of  funda- 
mental importance.  The  coincidence  of  the  two  conditions  in  the  same 
individual  has  long  been  noted,  and  both  have  been  brought  about  experi- 
mentally by  administration  of  certain  poisons,  notably  adrenalin  (Josue, 
Erb,  Pearce,  et  al.). 


'  Tigerstedt  and  Bergraann  (Skand.  Arch.  f.  Physiol.,  Leipz,,  1S9S,  viii,  224)  found  that 
injection  of  renal  extract  actually  raised  the  blood-presfiure,  owing  to  the  presence  of  a 
substance  which  tl.ey  named  "* renin." 
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Cardiac  and  Adrenal  Hypertrophy. — A  new  light  has  been  thrown  upon 
the  subject  by  the  studies  of  Yaquez  and  Aubertin  (1905),  Aubertin  and 
CUnet,  Wiesel,  and  Gaillard. 

Aubertin  was  able  to  produpe  cardiac  hyvertrophy  in  rabbita  by  various  means, 
and  found  in  every  case  a  simultaneous  hyperplasia  of  the  medullary 
substance  in  the  adrenals.  A  ^iniilar  finciing;  had  been  made  by  Vaquea  and 
Aubertin  in  casea  of  chronic  nephritis  associated  with  hyiwrtmphy  of  the  left  ventricle, 
whicli  was  confirmed  by  Wie»el  in  1W7.  In  December,  1907,  Aubertin  and  Clunet  made 
a  study  of  120  unselected  autopsy  cases.  Of  these  18  showed  very  definite  hypertrophy 
of  the  medulla  of  the  adrenals,  and  16  of  these  18  showe<:I  marked  hypertrophy  of  the 
heairt.  On  the  other  hand,  but  10  of  these  hypertrophied  hearts  were  associated  with  renal 
disease:  the  others  occum?d  in  conjuuetion  with  valvular  lesions,  congenital  defect  in  the 
septimi  venlriculorum,  aortic  sclerosis,  etc.  Aubertin,  however,  states  very  definitely  that 
besides  these  groups  they  encountere<i  cases  of  caniiac  hypertrophy  without  the  existence 
of  adrenal  hyperplasia,  so  that  thifl  association  is  not  invariable;  and  they  conclude  that 
it  is  at  present  impossible  to  decide  whether  the  cardiac  hj^wrtrophy  occurs  as  a  result  of 
oversecretion  of  adrenalin,  or  whether  the  hyiierpiasia  of  the  aclrenals  occurs  as  a  result 
ofislight  venous  stasis  in  those  organs  while  (he  hypertrophy  is  going  on,  Arterioscleroeb 
was  the  rule  but  not  invariably  in  these  cases  with  adrenal  hypertrophy. 

It  must  be  noted  that  the  action  of  adrenalin  is  just  that  which  might  be  expected 
to  bring  aljout  hyf»ertrophy  of  the  hejirt,  for  it  causes,  (1)  a  general  vasoconstriction; 
(2)  a  marked  increase  in  the  tonicity  of  the  heart;  (3)  an  increase  in  the  force  of  the  beat 
and  in  the  systolic  output. 

However,  the  results  of  Cohn,  under  AschofT's  direction,  are  less  favor- 
able to  this  theory.  In  12  cases  of  hypertrophy  of  the  left  ventricle  with 
chronic  nephritis,  he  found  hypertrophy  of  the  adrenal  cortex  in  only  3 
(25  per  cent.),  while  in  23  cases  of  chronic  nephritis  without  hypertrophy 
of  the  heart  he  found  h}T3ert.rophy  of  the  adrenal  cortex  in  8  (34  per  cent.). 
These  findings  tend  to  throw  considerable  doubt  upon  the  theorj^  of  Vaquez 
and  Wiesel. 

Hypertrophy  and  Abdominal  Arteriosclerosis. — Hasenfeld  has  found 
that  no  hypertrophy  sets  in  unless  arteriosclerosis  is 
present  in  the  aorta  above  the  level  of  the  superior 
mesenteric  artery.  Practically  all  the  substances  which  are  known 
to  bring  on  arteriosclerosis  nre  vasoconj^trictors,  and  beginning  arteriosclero- 
sis in  man  seems  usually  to  be  accompanied  by  vasoconstriction.  It  is 
readily  conceivable  that  any  sclerotic  obstruction  below  the  mesenteric 
would  be  easily  compensated  for  by  dilatation  of  the  abdominal  vessels, 
and,  consequently,  would  bring  about  no  increased  resistance  to  blood  flow, 
while  at  the  higher  level  the  presence  of  sclerosis  is  more  or  less  equivalent 
to  clamping  the  abdominal  aorta.' 

DIAGNOSIS. 

It  would  appear  at  first  sight  to  be  extremely  easy  to  determine  clini- 
cally whether  in  a  given  case  hypertrophy  is  present  or  not,  and  the  older 
clinicians  laid  down  verj'  definite  rules  for  its  detection,  most  of  which  were 
fallacious.  In  general,  we  may  agree  with  Gilxson  that  the  most  important 
signs  of  hyj>ertrophy  of  the  left  ventricle  are  increase  in  cardiac  dulness  to 
the  left,  with  a  more  or  less  steady^  forceful,  and  "heaving"  impulse,  and  a 

*  An  excellent  dlscuBsioD  of  the  theoretical  and  experuuental  side  of  the  question  is 
given  by  R.  M.  Pearee. 
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Iwoming  first  sound  of  low  pitch,  and  an  accentuated  second  sound  at  apex 
and  aortic  area.  These  signs  are  dependent  largely  upon  the  contact  of  the 
heart  with  the  chest  wall;  and  if,  us  is  often  the  ca^^  in  an  emphysematous 
individual,  the  lung  intervenes  U-tween  the  left.  Iwrder  of  the  heart  and  the 
chest  wall,  all  the  signs  may  be  diminished  beyond  recognition.  The  diag- 
nosis may,  however,  oft<-n  be  made  from  the  history  in  spite  of  the  clinical 
findings,  ThuH,  if  an  aortic  or 
mitral  insufficiency  hrus  persisted 
for  isome  time  and  the  heart  ia 
in  a  condition  of  moderate  vigor 
with  a  normal  pulse-rate,  it  may 
l>e  assumed  that  hypertrophy  of 
the  heart  has  had  t^j  take  place 
in  order  to  maintain  the  circula- 
tion, in  spite  of  distant  heart 
sounds  and  aKst^nce  of  the  ajx^x 
beat.  Prolonged  high  blood- 
pres.sure  is  usually  associated 
with  some  degree  of  hypertrophy 
of  the  left  heart,  but  not  invari- 
nljly.  In  differentiating  from 
dilatation  it  may  Idc  stateit  tiiat, 
except  under  unusual  conditioas 
brought  on  by  stimulation  of  the 
vagus,  the  factors  bringing  on 
dilatation  quicken  the  pulse- 
rate,  and  an  enlarged  but  slowly 
lM»ating  heart  is  almost  always 
hjixrtrophied.  The  electrocar- 
diograms are,  however,  character- 
istic' In  hj-pertrophy  of  the  right 
ventricle  the  II  wave  is  normal  or 
inverted  in  the  first  derivation 
(Dl)  and  large  in  D2  and  D3 


trophy  of   the  right . 

puimtion.     The  licht  line  in<l> 


left    VPIir 


FiQ.  139— ArcM  of  pnlMtion 
ad  h 
-^.  puimtion.     The  li«ht  li; 
ckraiar  duln«M       A.  Hypertrtiph^  i>i  im 
B.  Hypertrophy  of  the  niiht  vcntncie. 


vper- 

tion; 

the 

I  en    ventriole. 


(page  298).  In  hy|>ertrophy  of 
the  left  it  is  inverted  in  D2  and 
D3  (Plate  XVI,    F) 

Hypertrophy  of  the  Left  Ven- 
tricle,— Palpation  of  the  apex  impulse,  which  many  writers,  even  as  late  as 
Romberg,  consider  a  most  important  sign  of  hypertrophy  of  the  left  ventricle, 
nee<l  not  be  decisive,  since,  tus  Katzenstein  hjis  shown,  the  weakest  hearts 
may  often  Ix-at  the  most  violently,  especially  when  l>eating  rapidly;  the 
strongest,  on  the  other  hand,  may  be  separated  from  the  chest  wall  by  a 
layer  of  lung.     Dulness  is,  however,  increased  to  the  left. 

Hypertrophy  of  the  Right  Ventricle. — The  hypertrophy  of  the  right 
ventricle  is  not  so  easy  to  diagnose.  Its  presence  may  l>e  inferred  when 
the  area  of  cardiac  dubiess  is  enlarged  and  a  systolic  retraction  is 

^T.  Lewis  (Heart,  1913—1014,  iv,  36)  ha«  shovtii  that  hearts  examined  by  MiUer's 
method  gave  results  exactly  coinciding  with  the  electrocardiographic  dingrioaia. 
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noted  at  the  point  of  maximal  impulse  and  over  the  interspaces  between 
it  and  the  steraum  as  well  as  in  the  epigas^trium.  The  heart  need  not  be 
enlarged  toward  the  right,  since  the  right  ventricle  rarely  passes  the  sternal 
margin.  Indeed  it  rather  tends  to  lift  the  apex  and  shift  it  to  the  left.  The 
area  of  cardiac  flatness  is  increased  to  the  right,  reaching 
to  the  sternal  margin.  An  increa.sed  area  of  dulness  to  the  right  of  the  ster- 
num is  due  to  the  right  auricle.  The  Hecond  pulmonic  sountl  is  intensified 
and  ringing,  but  this  may  also  be  the  case  in  any  condition  in  which  there 
is  some  obstruction  to  the  pulmonary  circulation  or  some  insufficiency  of 
the  left  heart. 

Hypertrophy  of  the  auricles  cannot  be  diagnosed  from 
objective  signs  except  in  mitral  stenosis,  in  which  an  hypertrophiod  auricle 
gives  rise  to  a  loud  prcsystohc  murmur.  This  is  not  present  when  the  auri- 
cle is  weak.  Hypertrophy  of  the  right  auricle  is  sometimes  shown  by  a 
high  presystolic  wave  upon  the  jugular  venous  pulse-curve  and  ver>-  rarely 
by  a  presystolic  wave  upon  the  liver  pulse  (Mackenzie) ;  but,  as  a  nde,  it 
shows  no  signs. 

Prognosis. — A  certain  amount  of  hypertrophy  is  necessary  whenever 
a  valvular  lesion  or  any  other  abnormal  factor  tending  to  increase  the 
work  of  maintaining  the  circulation  is  present.  Hence  failure  of  the  heart 
to  hypertrophy  under  these  conditions  would  be  regarded  as  an  unfavor- 
able condition,  and  would  probably  soon  be  associated  with  cachexia.  On 
the  other  hand,  an  extreme  degree  of  hypertrophy  is  evidence  that  the 
heart  is  doing  its  maximal  work,  that  the  fibres  ere  long  will  begin  to 
degenerate,  and  the  heart  must  be  spared  as  much  as  possible. 

Hypertrophy  in  itself  does  not  demand  treatment,  but  diminution  of 
the  causal  factor  as  far  as  is  possible  is  advisable.  If  this  be  nephritis  or 
arteriosclerosis,  a  quiet  life  and  diet  poor  in  salt  and  purin  bodies  should 
be  resorted  to,  with  occasional  courses  of  potassium  iodide.  H  a  valvular 
lesion  be  present  and  the  hypertrophy  is  slight,  little  attention  need  be 
paid  to  it  until  the  patient  reaches  the  latter  half  of  the  fourth  decade, 
when  he  should  begin  to  spare  his  heart  and  arteries  as  much  as  possible, 
should  abstain  from  alcohol,  cotfec,  and  tobacco,  and  should  in  every  way 
avoid  those  influences  leading  to  the  production  of  high  blood-pressure  and 
arteriosclerosis. 

Reserve  Force  of  the  Hypertrophied  Heart. — One  of  the  most  impor- 
tant questions  that  arise  in  connection  with  hypertrophied  hearts  is 
whether  or  not  a  hypertrophied  heart  [losaeases  as  much  reserve  force  as  a 
normal  one.  This  question  is  variously  answered  in  the  text-books,  most 
of  them  agreeing  with  Krehl  et  al.  that  the  reserve  force  is  lessened;  while 
the  experimental  work,  especially  that  of  Romberg  and  llasenfrld,  indi- 
cates that  the  strength  of  the  hypertrophied  heart  muscle  itself  is  actually 
increased-  However,  a  great  deal  depends  upon  the  stage  of  hypertrophy 
in  which  the  individual  heart  happens  to  be.  Thus  a  heart  in  the  first 
stage,  with  fibres  normal  and  hypertrophied,  would  show  an  increased 
strength  (as  in  athletes'  hearts,  or  in  hearts  of  early  hypertrophy  after 
valvular  lesion  as  compared  to  the  same  hearts  at  the  ver>'  onset  of  the 
lesion) ;  while  a  heart  in  the  second  stage,  with  fibres  partly  hypertrophic, 
partly   atrophic,   would  in    most  cases    show    a    marked    diminution   in 
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stJ'ength  and  still  greater  loss  in  reserve  force,  and  an  increased  effort  would 
hasten  the  degeneration. 

Another  iuu\  really  main  factor  in  the  apparent  weakness  of  the  hypcr- 
trophied  heart  is  that  in  practically  all  hearts  the  hypertrophy  is  brought 
on  by  some  valvular  lesion  or  by  some  persistent  increase  in  peripheral 
resistance;  so  that  such  hearts  are  continually  wasting  much  of  their  energy 
in  overcoming  these  pathological  coniiitions,  besides  bestowing  the  usual 
amount  of  it  upon  the  maintenance  of  the  circulation.  In  bodily  exertion 
or  other  conditions  calling  upon  the  i-eserve  force,  not  only  the  actual, 
circulation  must  be  increased,  but  the  abnormal  factor 
inducing  wasting  of  energy,  the  valvular  lesion,  etc., 
becomes  more  severe  as  well,  and  hence  the  extra  call 
upon  the  diseased  heart  is  double  the  extra  call  upon  the 
normal  and  requires  double  the  reserve  force  to  meet  it. 
Otherwise  the  reserve  force,  though  actually  more,  may 
bo  apparently  less  than  in  the  normal  heart,  as  shown 
diagrammatically  in  Fig.  140.  For  practical  purposes, 
however,  it  may  be  regarded  as  indisputable  that,  in 
every  case  where  a  cardiac  lesion  is  present,  the  hyper- 
trophied  heart  has  less  available  reserve  force  than 
normally.  an<l  in  some  cases  (stage  3)  less  than  if  it 
hud  not  hypertrophied  at  all. 


ATROPHY. 


Fjo.  140.— Diagram 
sliuwinK  power  of  nor- 
mal and  hypertrophied 
(BtrileleV)  heart  at  rest 
and  (iurinfiexerci!9e,al0O 
that  of  a  di^eatted  hf»rt. 
T]ie  lenstli  of  the  arrow 
indicate!!!  the  reserve 
force.  The  unshaded 
portion  indicates  the 
eardiac  energy  en- 
pendeil,  but  wasted* 
owing  to  the  lesioa. 


Atrophy  of  the  heart  is  more  or  less  the  reverse 
process  of  hypertrophy.  Whenever  the  body  diminishes 
in  weiglit  from  cachexia,  infectious  disease,  or  starva- 
tion, the  heart  muscle  diminishes  with  it,  and  according 
to  Hirseh  in  about  the  same  ratio.  The  epicanlial  fat, 
on  the  other  hand,  is  but  little  dimini.Hhed.  When  the 
atrophy  is  the  result  of  starvation  it  may  be  of  very 
high  degree,  but  the  size  and  condition  of  the  heart  may  return  to  normal 
when  an  adequate  diet  is  resumed  (Schieffer). 

As  in  the  case  of  hypertrophy,  there  seems  to  be  little  change  in  the 
number  of  the  muscle-celLs,  but  the  latter  diminish  in  size  (10.84  /i  instead 
of  12.85  /(,  Goldcuberg),  and  the  removal  of  substance  is  marked  by  the 
depo.sition  of  brown  granules  of  hsematoidin  in  fu.siform  arrangement  about 
the  nucleus.  These  granules  are  formed  when  part  of  the  muscle-cell  pro- 
teid  is  broken  down  during  the  atrophy,  the  hiematoiilin  portion  being 
left.  Macroscopically  th(*y  impart  a  tobacco-brown  color  to  the  heart,  so 
that  the  condition  is  often  designated  as  "  brown  atrophy  of  the  heart." 

To  a  certain  extent  a  diminution  in  size  of  any  chamber  of  the  heart 
may  occur  if  its  work  is  lessened  by  obstruction  to  the  blood  flowing  into 
it;  as,  for  example,  the  left  ventricle  in  pure  uncomplicated  mitral  stenosis. 
The  atro])hy  is  rarely  so  nuirketl  here  as  in  starvation,  phthisis,  or  cachexia, 
and  is  indeed  the  exception  rather  than  the  rule  in  mitral  stenosis,  for  other 
factors,  tachycardia,  irregularity,  or  mitral  insufficiency,  usually  contrib- 
ute to  keep  the  left  ventricle  doing  an  at  least  normal  amount  of  work. 
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Like  hypertrophy,  cachexial  atrophy  of  the  fibres  may  lead  on  to  growth 
of  interstitial  connective  tissue  and  fibrous  myocarditis,  but  true  brown 
atrophy  is  not  so  common  a  forerunner  of  myocarditis  as  is  hypc-rtrophy 
of  the  heart.  Functionally,  the  force  of  the  heart  is  impaired  about  propor- 
tionally to  its  diminution  in  weight.  The  blood-prcssure  is  usually  low 
and  the  muscle  easily  fatigued.  Overstrain  readily  occurs  in  such  hearts; 
and  Budden  death  is  not  uncommon. 

BIBLIOGRAPHY. 

Hypertrophy. 

Tliorel,  Ch.:  PathoJope  der  Kreislauforgane,  Lubarech-OBtertag'a  Epgebntase  der  Patho- 

logie,  Wiesh.,  11)03,  ix,  Ablli.  I,  539. 
Heiiiz,  R.:  Uandbuch  dcr  experimeatellen  Fathologie  und  Pbunnakologie,  Jena,  lOOS^ 

i,  iite  Halfte. 
Gibson,  G.  A.:  DiiseiiBPS  of  ihc  Heart  and  Aorta,  Edinb.  and  Ixjndon,  1S9S. 
Barcroft,  J.  L.,  and  Dixon,  \V,  E.;  The  Gaseous  Mfialxjlism  of  the  Manmmlian  Heart, 

J.  PhyMoL,  Loud.,  l'JUC-7,  xxxv,  182. 
Taiijrh  Arch.  f.  path.  Anat.,  etc.,  Berl.,  1S,S9.  c.xvi.  432. 
Goldenber^,  B.:  Ueber  Atrophic  uuil  Hypertrophie  der  MuBkelfasem  des  Herzena,  Arch. 

f.  pnth.  Anat.,  etc.,  iSSft,  eiii,  88. 
Dehio:  Uelier  tnyofibrcwis  Cordis,  Deutsclies  Arch.  f.  klin.  Med.,  I^eipz.,  Ixii,  1, 
Pearcfl,  R.  M.:  Experimental  Myocarditis;  a  Study  of  the  HietoloKical  Changes  following 

Intra, venous  Injections  of  Adrenalin,  J,  Exper.  Med.,  N,  York  and  LatKftster,  1906, 

viii,  im. 
Pearce,  R.  M.:  The  Theory  of  Chemical  Correlation  as  Applied  to  the  Patholo^'  of  the 

Kidney,  Arch.  Inter.  Med.,  Oiica^o,  19()S,  ii,  77. 
Ranke,  J.r  Tetanus,  Eine  physiolojs^iache  Stuilie,  Ijeipa.,  1865. 
Loeb,  J.:  Ueber  die  Entstehunitr  der  Activitiitshy|)ertrophie  der  Muskeln,  Arch.  f.  d.  gea. 

Physiol.,  Bonn,  lSt>4,  Ivi,  270. 
Cooke,  E,:    E-V|>erinients  upon  the  Osmotic  Properties  of  the  Living  Frog's  Muscle,  J. 

Physiol.,  Cunib.,  1898,  xxiii,  1^7. 
Fleitjher,  M.  S.,  and  Loeb,  L.:  Experiinentiil  Myocarditis,  Arch.  Inter.  Mo<l.,  Cliic^igo,  1908, 

ii,  78. 
M tiller,  W,:  Die  Massenverh&ltnisse  dea  menschlichen  Herzens,  BerL,  187S, 
Hirsch,  C:  Ueber  die  Bexiehuiigen  »wi.schen  dein  Heraniuskel  und  <ler  Korfjermuskulatur 

und  ueber  scin  Vcrhalten  bei  lierihypertrophie,  Deutsches  Arch.  f.  klin.  Med.,  Lcipz., 

18ft9,  Ixiv,  :)il7. 
Roml>erg»  E.:  Lehrbuch  der  Krankliciten  des  Herzens  uiid  der  Blutpefaww,  Sfuttgart.,  1906. 
Krehl,  L.:  Erkmnkiingen  des  Her^eniuskels,  Nothnagel's  Handbuch  dea  spezielli^n  Pathol. 

u.  Therap.,  Wien,  1S98. 
Lewy,  B.:  Die  Arlieit  des  gcsunden  und  des  kranken  Ileriens,  Zeitsehr.  f.  klin,  Med., 

Berl.,  xxi,  321  ami  521. 
Killba:  Ex pe rime n telle  ueber  Herzmuskel  und  Arbeit,  Arch.  f.  exper.  PathoL  u.  Pharma- 

koL,  I^ipz.,  IUOt>,  Iv,  288. 
Groeber:  Untersuchungen  zur  .'\rbeitshypertrophie  des  Herzens,  Deutsches  Arch.  f.  klin. 

Med.,  Leipz.,  1007,  xci,  502. 
Joseph,  D.  R.:  The  Ratio  l>ptween  the  Heart-wfijiht  and  Body-weight  in  Various  Animals, 

J.  Exper.  Med,,  N.  York  ami  Luncastpr.  IIRJS,  x,  521, 
Schieffer:    Uelxrr    den  Einfliiiss  der  Berufsarbeit   uiif  ihe  UprzgrfiHse,  Deiitsch,  .Arch,  f. 

klin,  Med.,  Leipz.,  1908,  xcii,  .*i83;  also,  Uel>er  den  Einfluss  des  Militardienstes  auf  die 

Herzgrosse,  ibid.,  1908,  xcii,  392. 
Howard,  W.  T.:  An  .Analysis  of  105  Cases  of  Heart  Hypertrophy  (from  the  Autopsy 

Records  of  the  Johns  Hopkins  Hospital),  Johns  Hopkins  Hosp.  Rep.,  Bait.,  1894, 

iii,  266. 
Wilks.  S.:  Cases  of  Bright's  Disease,  with  Remarks,  Gwy's  Hosp.  Rep.,  Ix)nd.,  1853,  ii 

Ser,,  viii,  232. 


HYPERTROPHY  AND  ATROPHY. 


303 


Senator,  H.:  Ueber  clie  Herzhypertropliie  bei  Nierenkninken,  Deutsch.  med.  WchnscUr., 

Leipa.  u,  Wieti,  1903.     Die  Erkraiikungen  der  Niere,  Nothuagers  Handb.  d,  Bpeziellen 

Pathol,  u.  Th.,  Wiea. 
Paasler,  H.-  Uebcr  Ursache  nnd  Beutung  der  Herzaffektion  Nierenkranker,  Volkmann's 

Sammlung  klin.  Vortriige,  Leipz.,  1906,  No.  408. 
Johnson,  G.:  Lectures  on  Bright*8  Dii^ease  with  Eapecial  Reference  to  Pathology,  Diag- 
nosis, and  Treatment,  Load.,  1S73. 
Cohnheim,  J.:  liCctures  on  General  Patholog}',  New  Sydenham  Society. 
Traube,  L.:  Gesammelte  Bpitrage  zur  Pathoiogie  mnd  Physiologie,  Berl.,  1871-1878. 
Buhl;  Mitth,  a.  <L  pathoL  Inst.  MUnchen,  iy7H,  aS. 
Huchard.  H.;  Malmlies  Uu  Ovm,  Paris,  i899-19()5. 
Albrecht,  E.:  Der  Herzmuakel,  Berl.»  1903. 
Joeu^  O.:  Hypertrophie  cardiaque  caus^  jier  r&drerkaline,  Compt.  rend.  Soc.  de  Bio!., 

Par..  1907,  bciii,  285. 
Erb,  W.:  Ex  peri  men  telle  und  hist^-tlogiwhe  Studien  iiber  Arterienerkrankung  naeh  Adre» 

nalininjektionen,  Arch.  f.  exper.  Pathol,  u.  PharmakoK,  Leipz.,  1905,  liii,  173. 
Vaquez:  Hypertension  arterielle,  Bull.  soc.  ni^d.  d.  hdj).  de  Paris,  Feb.  5,  1904. 
Vaquez   and   Aubertin:  Sur  Thyperpllafiie  Biirr^nale   des  nephrites  hypertensivee,   ibid., 

1905,  xxii,  705. 
Wiej»el:  Renale  HenBhypertrophie  und  chromaffines  System,  Wien.  med.  Wchnschr.,  1907, 

IWi,  673. 
Schur,  H.,  and  Wieael,  J.:    Beitrfige  ziir  Physiologie  und  Pathologic  des  chromaffinen 

Gewebes,  Wien.  klin,  Wchnschr,,  1907,  xx,  1202.     Also,  Ueber  eine  der  Adrenalin- 

wirkung  analogy  Wirkung  dps  Blutserums  von  Nephritikem  aiif  das  Froscliauge,  Wien. 

klin.  Wchnschr.,  1901,  xx,  699. 
GaillanK     Quot-ed  from  Aubertin. 
HaBenfeld,  A.:  Ueber  die  Entwicklimg  einer  Herahypertrophie  bei  der  Pyocyaneusendo- 

carditis  und  der  dadurch  verursachten  AMgemeininfection,  Deutach.  Arch,  f,  klin, 

Med.,  Leipz.,   1899,  Ixiv,  763. 
Hasenfeld   und  Romberg:  Ueber  die   Re*ervekraft  des  hypertrophiachen   Herzmuskela, 

u.  8.  w,,  Arch.  f.  exper.  Pathol,  u.  PhumiakoL,  1897,  xxxix,  333. 
Katzenstein.  J.:  Dilatation  und  Hy|)ertrophie  des  Her«pn«,  Muenchen,  1903. 
.\8choff  and  Cohn:  Bemerkungen  zu  der  Schur-Wieselschen  Lehre  von  der  Hypertrophie 

des  Nebemierenmarkes  bei  chroniscben  Erkrankungen  der  Nieren  und  des  GefasB- 

apparatus,  Verhaudl,  d.  deutach.  path.  Gesellsch.,  Jena,  1908,  xii.  131 


Yin. 

FATTY  DEPOSITS  IN  AND  ABOUT  THE  HEART. 

Fat  may  be  deposited  in  the  heart  in  two  ways:  (1)  In  solid  masses 
of  adipose  tissue,  especially  iu  the  pericardium  in  fat  individuals,  particu- 
larly in  those  addicted  to  alcohol,  and  very  often  associated  with  coronary 
sclerosis.   This  condition  is  designated  as  fatty  infiltration  or  o  b  e  s  e 


FlO.  141. — Dittributioaof  fatinaodabout  (hehrart.    A,  uomial;  B.  deposit  in  an  obese hoirt;  C,  deposit 

in  a  fatty  tiegen crated  heart. 

heart  (MaatfcttherZj  Kisch).  (2)  In  fine  droplets  occurring  diffusely 
within  the  heart  muscle-cells,  especially  in  anaemia,  infectious  diseases,  in 
persons  poit^oned  by  phosphorus,  arsenic,  and  numerous  other  substances, 
and  in  association  with  other  changes  in  the  myocardium-  This  condition 
is  called    fatty   degeneration. 

FATTY   INFILTRATION   OR    OBESITY   OF    THE    HEART. 

DEPOSITrON    OF    THE    FAT. 

Harvey,  the  discoverer  of  the  circulation,  describes  the  hearts  of  certain 
fat  persons  as  covered  with  a  layer  of  fat  so  extensive  as  almost  to  obscure 
the  heart  muscle  from  view,  and  this  condition  is  one  of  not  very  infrequent 
occurrence.  In  normal  hearts  there  is  a  considerable  amount  of  fat  (30 
to  60  Gm.,  1  to  2  ounces)  collected  just  beneath  the  endothelial  layer  of  the 
pericardium,  along  the  auriculoventricular  and  interventricular  grooves 
(coronary  and  longitudinal  sulci;,  at  the  base  of  the  aorta,  and  scattered 
elsewhere  over  the  heart.  As  the  individual  lays  on  more  body  fat,  more 
fat  is  deposited  in  the  pericardium,  at  first  only  at  the  usual  sites  along  the 
sulci;  but  later  it  spreads  over  and  into  the  myocardium,  penetrating  into 
it  lie  t ween  the  larger  strands  of  muscle,  and  finally  settling  beneath  the 
endocardium,  especially  about  the  bases  of  the  papillary  muscles. 

The  weight  of  adipose  ti^tie  may  actually  exceed  the  weight  of  cardiac  muacle 
(W.  Mailer,  Hirech,  Kisch),  as  shown  by  the  following  <igurv«  determiiu'd  by  W.  Muller 
(who  diflsects  off  the  fal  and  weigtu  the  heart  muscle). 
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Total  welcht 
of  heart. 

Heart 

musola. 

Fat  removabl*  by 
direction. 

Per  oent. 
of  fat. 

253.6 
363.5 
327.6 
494.3 

240.7 
326.2 
181.3 
238.3 

12.0 
37.3 

146.3 

266 

5.1 
10.3 
45.6 
53.5 

Normal  mnle  (thin*). 
Cardiac  hvpertrophy. 

Nature  of  the  Fatly  Deposit. — Under  these  circumstances  the  fat  is  deposited  in 
exact Jy  the  same  mariner  aw  elsewhere  in  the  bo<iy.  The  ]>atho)nf;ical  character  con- 
sistH  not  in  the  process  but  in  the  amount  of  tiie  deptwit.  The  adifiose  tissue  in  this 
rcffion  doca  not  ditTcr  macroHcopically  or  microscopically  from  the  fat  elsewhere.  Neither 
does  it  differ  chemicaily.     It  \»  ordinary  "  translocation  fat"  (Rosenfeld,  Leick  and 


h 


Fio.  142.— PlHitomicnttraph*  uf  fm  depoaits  in  the  hiairt.  A.  Heart  mtiMie  of  an  nbc9<«  indi- 
vidtrnJ.  jtiowifjg  fai  erlU.  B.  Heart  umxcle  of  u  pntieut  who  died  of  pncunuiriia.  uliowiiix  fat  dropleix 
within  tlic  cell*  (fatty  degefleratiun),     iPhotomicrograpJi  by  Dr.  Cha«.  S.  Bond.) 

Winckler).  derived  cUrectly  from  tlie  food  ;  for  Leick  ond  Winckler  have  nliown  that  if 
dogs  lie  overfed  with  mutton  tallow,  the  fat  deposited  in  the  |X"ricardiuin  has  an  iodine 
absorption  wiefficient  approuchinp  more  nearly  to  what  'in  in  the  Khce(>  than  to  tliat  of  the 
iloR.  The  i)ericariHal  fat  differs  fR»m  the  fat  elsewhere  in  but  one  imjjortanl  res|ject,  and 
one  whicli  is  csfieciaily  tu  be  borne  in  mind  in  treating  the  condition,  namely,  that  it  is 
reiatjvfly  poor  in  lipase,  the  enzyme  which  forms  and  splits  fut,  anil  hence  is 
re  I  a  t  i  V  f  I  y  .stable.  .Accordinp  to  Loevenhart  it  would  apiiear  that  Iipa.sc  is  present 
in  tlie  orlls  in  considenible  amounts  at  the  time  the  fat  is  depiwiled,  but  is  then  gradually 
destroyed:  so  that  if  sul)sequently  the  fat  of  the  body  is  redijced  from  inanition  or  other 
cause,  there  i^  no  n»ore  enzyme  remaifiing  in  the  |iericanJium  to  split  up  what  in  stored 
there  and  to  return  it  to  the  general  circuhition.  .Accordingly,  it  is  ft)nnd  that  in  starva- 
tion the  pericardial  and  [.c  ri  n-ii  nl  fat  remain  after  all  the  rest  hns 
difappearcfl  from  the  body  (Loevenhart.  Schieffer).  This  matter  will  be  re 
ferrcd  to  again  in  connection  with  treatment. 
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DISEASES  OF  THE   HEART   AND   AORTA. 


CARDIAC    CONDITIONS   ASSOCIATED    WITH    OBKSITV. 

There  are  three  definite  conditioas  which,  though  in  no  way  part  of 
the  general  process  of  obesity,  arc  often  associated  with  it;  and  it  is 
these,  rather  than  the  obesity  itself,  which  give  rise  to 
the    symptom    complex    referred   to    as  '*fatty  heart/*  or,  as 

Romberg  more  properly  designates 
it,  "cardiac  insufficieiun'  of  fat  per- 
sons" (Die  Herzmuskelinsiifficienjs 
der  Fettk'ibingen) .  These  are  (1) 
atrophy  of  thv  heart  muscle,  and 
(2)  sclerosis  of  the  coronary  arte- 
ries,  (3)   a  h  i  g  h  diaphragm. 

I .  Atrophy  and  Cardiosclerosis. 
— It  is  especially  wortliy  of  notice 
that  the  increase  in  .size  and  weight 
of  the  heart  may  conceul  an  actual 
atrophy  of  the  heart  muscle  (Hirach) 
(see  table  above)  and  a  correspond- 
ing weakness  of  the  heart.  Accord- 
ing to  most  writers,  thin  lies  mainly 
in  the  left  ventiicle,  but  Hirsch  has 
shown  that  not  only  docs  the  fatty 
infiltration  penetrate  chiefly 
the  wall  of  the  right  ventricle,  but 
that  the  symptoms  most  common 
among  fat  persons  arc  those  due  to 
primary  failure  of  the  right 
side  of  the  heart.  A  general  canlio- 
ficlerosirt  (sec  page  325)  is  often  asso- 
ciated with  the  depo.sit  of  fat.  It  is  a 
self-evident  fact  that  such  enormous 
deposits  of  fat  increase  the  work 
done  by  the  heart,  first  by  increas- 
ing tlie  weight  to  be  moved  at  each 
systole,  and  secondly  by  increasing 
the  total  bed  of  the  blood  stream. 
It  might  be  supposed  that  this  would 
in  itself  bring  about  hypertrophy,  but  hypertrophy  is  rarely  demonstrable. 
The  tendency  to  obesity  usually  occurs  either  in  pei^sons  whose  lives  are 
sedentary  and  whose  skeletal  and  cardiac  nujsck\s  are  therefore  under- 
developed, or  else  in  those  addicted  to  excesses  of  alcoliol  or  overeating, 
factors  which  in  themselves  bring  on  myocardial  changes  and  hypertrophy. 

2.  Coronary  Sclerosis. — The  pathological  changes  and  symptoms  due 
to  sclerosis  of  the  coronary  arteries  do  not  differ  from  those  arising  without 
the  presence  of  abnormal  fat  deposits  and  will  be  discussed  in  a  separate 
chapter  (page  378). 

3.  High  Diaphragm. — V.  Frey  and  Krehl  have  shown  in  animals  that 
pushing  up  the  diaphragm,  and  thus  displacing  the  heart,  greatly  inter-. 


Fio.  143.—  ivp  clepoFit  of  epienrclitil 

fat.    (From  a  »i».rit.ifti  m  the  Army  Medical  Mu- 
■eum,  Washington,  I).  C.) 


FATTY  DEPOSITS  IN  AND  ABOUT  THE  HEART. 


307 


feres  >^nth  the  work  of  the  latter.  Myers  and  Schott  found  that  soldiers 
whose  diaphragms  are  pushed  up  by  tight  belts  about  the  ab<lompn  exhibit 
symptoms  of  cardiac  overstrain  much  more  readily  than  do  normal  indi- 
viduals. Myers  found  acute  dilatations  most  common  in  the  British 
regiments  in  which  cuirasses  and  tight  belts  were  worn. 

Wenckebach  has  called  attention  to  the  fact  that  a  large  amount 
of  intra-abdominal  fat  pushes  up  the  diaphragm  and  thus  pushes  the 
heart  into  a  more  transverse  position  (apex  often  in  the  fourth  interspace), 
thereby  hampering  its  action.  This  factor  must  be  reckoned  with  in  the 
genesis  of  the  cardiac  weakness  of  fat  persons. 


EnOLOGY. 

Clinically,  the  cardiac  manifestations  in  fat  persons  are  %'ery  variable. 
They  occur  most  frequently  in  association  with  (1)  general  obesity,  either 
hereditary  or  arising  primarily  from  over-eating;  (2)  in  ehildhooti;  (3)  after 
castration  or  menopause;  (4)  overindulgence  in  alcohol,  especially  malt 
H(juors,  with  or  without  the  presence  of  gout;  (5)  diabetes  niellitus  with 
obesity  (lii)ogenous  diabetes) ;  (6)  they  are  most  frequent  and  most  intense 
after  the  age  of  fifty. 

PHYSICAL   SIGNS. 

Upon  physical  examination  the  most  striking  features  are  the  general 
obesity;  the  relative  weakness  of  the  skeletal  muscles;  the  groups  of  dilated 
venules,  especially  the  "Bardolphian"  "butterfly"  area  of  dilated  venules 
about  nose  and  cheeks,  as  well  as  similar  areas  along  the  attachment  of 
the  tliaphragm  and  elsewhere.  According  to  Hirsch,  dilatation  of  the 
superficial  veins  in  the  subcutaneous  fat  is  a  premonitory  sign  of  cardiac 
weakening;  but  this  is  certainly  not  the  case  always.  Often  there  is  no 
visible  apex  impulse;  the  relative  cardiac  dulness  is  increased  to  both  left 
and  right,  owing  to  the  transverse  position;  the  cardiac  flatnes.s  is  ilimin- 
ished.  The  heart  sounds  usually  have  a  distant  character  an{l  may  be  free 
from  murmurs.  Occasionally  there  may  be  slight  o-'dcma  of  the  feet  and  a 
small  amount  of  albumin  in  the  urine.  In  advanced  eases  of  cardiac  insuf- 
ficiency the  patient  may  br-come  much  thinner  (owing  to  tliminished  absorp- 
tion of  fat  from  the  intestine,  see  page  227),  but  the  pericardial  fat  may 
remain  undiminished. 

TBE.\TMENT. 

The  treatment  of  cardiac  weakness  of  fat  pyersons  depends  entirely  upon 
the  stage  at  which  the  patient  is  seen.  If  trdema  and  persistent  dyspncea  or 
palpitation  upon  slight  exertion  are  already  present,  the  case  must  be  treated 
exactly  hke  one  of  cardiac  overstrain  or  heart  failure  from  any  other  cause 
manifesting  similar  symptoms,  except  that,  owing  to  the  frequent  atrophy 
and  infdtration  of  the  heart  muscle,  drugs  of  the  digitalis  group  are  often 
of  little  use  and  may  even  Ik*  harmful.  The  patient  should  be  put  upon  rest, 
restricted  diet,  with  liquids  restricted  to  UH)0  c.c,  purged  freely,  and 
bled  if  symptoms  of  failure  of  the  right  heart  set  in.  .\myl  nitrite,  nitro- 
glycerin, and  er>'throl  tetranitrate  may  be  used  to  relieve  attacks  of  dysp- 
nea, and  massage,  passive  movements,  and  finally  resisted  movcment>s,  and 
cold  water  or  Nauheim  baths  when  the  patient  is  able  to  get  out  of  bed. 
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When,  as  is  usually  the  case,  the  patient  is  seen  before  the  stage  of 
•actual  heart  faihire  has  set  in  and  is  suffering  only  from  what  may  be  con- 
■feidereii  us  the  premonitory  symptoms  of  cardiac  affection, — palpitation 
and  shortness  of  breath  on  exertion,  weakness,  and  giddiness, — the  treat- 
ment should  then  be  directed  toward  the  obesity  rather  than  toward  the 
heart.  A  main  indication  is  then  gradually  to  restrict  the  diet  to  a  heat 
equivalent  of  about  1200  to  1700  caluries,  of  which  500  calories  (about  120 
Gm.,  4  oz.)  shrndd  be  proteid  (v.  Noorden). 

(1)  Restricted  Diet. — Numerous  restricted  diets  have  been  laid  down, 
especially  by  Hantinj;,  Oertel,  Hirsehfeld,  Kisch,  and  Ebatein.  The  i-estric- 
tion  shouUl  not  take  place  suddenly,  for  fear  of  weakening  the  patient,  but 
should  take  place  in  several  stages,  reducing  500  calories  each  week  until 
the  lower  limit  is  Reached.' 

(2)  Liquids  should  be  restricted  to  less  than  1000  c.c.  (1  quart)  per 
day;  this  also  should  be  done  gradually.' 

Sample  Diet. — \'.  Xoorden  ^ives  the  following  outline  diet,  v\liich  13  very  satisfactory 
as  a  basis  ca|jable  of  Rio<lificatian: 


Prot. 


8  A.M. 


Hroakfast — 

SO  (Jrii.  cold  lean  meat  .   . , 

\  white  roll  (25  Gm.) 

1  CRP 

1  Clip  Ic:ir»  lumilloii 

II  snitill  jilarc  clear  aottp 
150  fim.  (5  oz.)  lean  meal  or  fish 

1  P.M.  ^  IfJO  Gm.  [Mjtatfjes 

I  Pea^.  IjcaiiiH,  cauliflower,  a.»!|mragus. . . 

t  ltM>  ( ,m.  fresh  fruit 

Blijck  coffee 

2<X)  Gm.  fre.sh  fruit 

2&0  c.c  (1  glass)  Bkirn-iuilk 

SupfH-r — 

]2r)  t;in.  c^M  lean  meat  with  pickles 

Ited  lieets.  raiiishes,  etc 

30  Cm.  graham  liread 

2-3  teaa|KK>rifuls  boiled  fruit  (no  sugar). 


F«t. 


10  A.M. 
12  M. 


3  P.M. 

4  P.M. 

6  p.m. 
8  p.m. 


Total. 


;iO  .'i 
1  H 
I)  .5 

0  8 
57,3 
19 
HO 
0.5 

6 

6.S 

36 
2 

2.0 
0.5 

1556 


1.4 
0.2 
U.l 

o.s 

2.0 
2.8 

10 


2,0 

3 

0.3 

28.6 


Carb. 


14 


ISO 

15 

8 

16 
12 


5 
12 

8 

112 


Ckl 


20.i 

85 


583 

0 

90 

97 


299 
1087 


'  100  Gm.  (3  oz.)  raw  meat  (proteid  20  per  cent.,  fat  1.7  per  cent.)  =  100  cal.  100  Gm. 
(3  oz,)  cooked  lean  meat  (proteid  37  per  cent.,  fat  2.,'j  per  cent.)  =  175  cal.  (about  25  {)cr 
cent,  higher  in  well-dtme  rftasted  meats).  100  Gm.  (3  oz.)  cooked  meat  of  Hlall-fed  animals 
(no  vwihle  frtt)  (proteid  M  per  cent.,  fat  6  [>er  cent)  =200  cal.  1  epg  (t>.5  Gm.  proleid  + 
6.2  Gm.  fat}  =  85  cal.  Chee.se  (proteid  28  r*:'"  cetit.,  fat  30  ^wr  cent,,  curboliydrate  2  per 
cent.)  =  4LM> cal.  Milk  (|»roteid  3.4  fivr  cent.,  fat  3.0  per  cent.,  suj^ar  4.5  per  cent.)  =60  cal. 
per  lOOc.c.  (20  cal.  jht  ounce;.  Potatoes  100  Gm.  (3  oz.)  =  80  cal.  Bread  (proteid  7-9 
[*er  cent.,  carbohydrate  35  to  SO  per  cent.,  the  latter  in  zwieback  and  dry  broads)  100  Gm.  — 
200-350  cal.     Sujrar  100  Gm.=400  cal.     Riirter  100  Gm,  =fl3t)  cal. 

'  OerteS  and  Schwenin^r  thought  th.-it  drinking  water  is  a  factor  producing  fat. 
Stnuib  and  others  have  f^hown  that  ihis  is  by  no  means  the  ca-«e.  T)je  only  inJluence  of 
the  water  lies  in  the  fad  that  when  a  meal  is  taken  dry  the  appetite  is  le.si*  tlion  when  water 
\s  taken,  and  con.'<enuently  less  is  eaten.  Hitwevcr,  con.siderohle  umouiits  of  fluid  increajie 
the  volume  of  blmtd  and  the  work  of  the  heart,  ami  hence  the  limitation  of  fluid  saves 
the  heart  in  thi^  way. 
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(3)  Increased  Exercise.— Increase  exercise  gradually  as  much  as  pos- 
sible, especially  by  walking,  either  on  the  level  or  on  gentle  gradual  ascents, 
interrupted  by  frequent  rests  before  either  weariness  or  shortness  of  breath 
sets  in/  In  this  way  the  energy  used  by  the  body,  and  hence  also  the  fat 
burned  up,  can  be  materially  increased, 


Wdkins  cm  t^tA, 


Per  mile. 


Weight  of  patient 150  lbs.     2lX)  lbs. 

Rate  2.7  miieti  per  Lour. . .      (it)  caL  ,    .S3  caL 
Rate  3.4  miles  jier  hour. .  .      75  cal.     100  caL 


Per  hour. 


150  lbs. 
170cal.  (iSGm.  fat) 
2TOciil.  (30Gni.  fnt) 


200  lbs. 
225  cal.  (25Gm.  fat) 
310  cal.  (40  Gm.  fat) 


In  walking  up  grade  the  energy  used  up  is  equal  to  elevation  X  weight  of  patient 
plua  the  energy  e.xiwnded  in  traversing  the  distance;  but  this  is  theoretically  e<|ualled 
by  the  energy  saved  in  ihe  isuhse<iuent  descent,  and,  on  the  other  hand,  both  are 
increased  by  bringing  into  play  a  tlifTerent  group  of  mujseles;  these  faetoi-s  can  .scarcely 
even  be  approxinirttdy  eatimate<l  in  the  imStvidual  ca.«!e.  However.  Zuntz  gives  the  fol- 
lowing empirical  figures:  a  man,  IMY  Ibn.,  climbing  '.i  kilometres  (l.S  miles)  in  one  hour 
upon  a  10  per  cent,  gmde  uaet,  up  about  2H  Gin.  (ahnost  1  ounce)  of  fat. 

(4)  Resisted  movements  (Schott)  carried  out  under  the  supervision  of 
■  an  attendant:  or  contraction  of  antagonistic  muscles  (Horz)  (see  page  280). 

(5)  Niiulu'iiu  hat  lis  (t^-v  pagf  2}><V)  ^>r  daily  ci>hl  Iniths  as  cold  il*<  can 
bfl  boriiL'  by  the  patit^iit  without  shock. 

(0)  Drug  Treatment.  —  Strychnine  may  be  administered  to  increase 
muscular  tone,  provided  this  does  not  also  increase  the  appetite  too  much. 

Thyroid  extract  and  other  * '  a  n  t  i  f  a  t  "  medication  should  be 
scrupulously  avoided.  Metabohsm  experimeatB  have  tihown  that  the  atlmtn- 
istratiiin  of  thyroicj  siribstance,  though  increasing  the  oxidative  processes,  causes  a  split- 
ting of  protcid  to  a  greater  degree  than  of  fat,  and  hence  tlefeatu  it«  own  end,  namely, 
(that  of  burning  up  the  fat  without  alTecting  the  muscle.  1(  ali^o  bring.'?  about  palpita- 
'tion,  tachycardia,  and  other  distressing  symptoms,  and  tends  to  increase  rather  (han  to 
diminish  the  cardiac  features, even  thougji  it  maybe  diminishing  the.  obesity  itself . 

In  the  obesity  of  the  menopause,  tablets  of  ovarian  extract  are 
used  to  increase  o.xidation,  as  this  effect  has  been  demonstrated  in  animals, 
but  clinically  the  results  from  its  use  are  rather  uncertain. 

FATTY  DE(;EXE RATION. 


PATHOLOGY. 

Pathological  Anatomy, — In  the  condition  known  as  "fatty  degenera- 
'tion"  the  fat  is  depo.silwl  not  by  an  increase  of  adipose  tissue  but  in  the 
form  of  fine  droplets  withi.i  the  heart  muscle-cells  (Figs.  1 II  and  142). 

In  some  cases  these  droplets  can  be  seen  to  idmost  fill  the  entire  cell, 
in  others  they  appear  as  a  few  tliffusely  scattered  droplets  in  the  snreoplasm. 

'  It  must  be  borne  in  mind  that  sclerosis  of  the  coronar>'  arteries  is  a  frequent  con- 
comitant of  heart  weakness  in  fat  people,  and  hence  sudden  overexertion  or  aevere  exer- 
cises are  to  be  avoided, at  least  until  the  phyaiciaa  has  thoroughly  aci|uaintetl  himself  with 
the  patient'8  condition  and  endurance. 
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Not  all  the  cells  are  invaded  by  the  fat,  but  with  the  naked  eye  yellow  areas 
of  fatty  degeneration  may  be  seen  mingled  with  normal  areas  of  red-brown 
color,  which  appear  normal  in  structure  under  the  microscope. 

As  regards  ilistribution,  Rihbert  recognises  three  types:  (1)  diffui^e  general 
fatty  degeneration,  in  which  all  the  cells  are  loaded  with  fat;  (2)  mottled  de- 
generation, occurring  in  the  areas  which  tie  midway  between  or  at  points 
most  distant  from  the  larger  arteries  ;  ixrcurritig  eajKicially  in  ana-nuc  individual 
and  in  |)ersons  whose  blood-|iressure  is  verj'  low,  »o  that  the  cclla  which  arc  most  distant 
from  Ihe  arteries  suffer  from  ischremia;  (3)  mottled  periarterial  fatty  de- 
general  ion  produced  by  the  action  of  [Kiisnuous  suhstances  in  (he  circulating  blood,  Buch 
as  phosphoriit?.  arsenic,  bacterial  poisons,  etc.,  in  which  those  cells  suffer  most  which  are 
brought  most  closely  into  contact  with  the  poison,  i.e.,  the  cells  lying  in  the  vicinity  of  the 
larger  arteries,  while  the  are:us  remote  from  these  vessels  are  normal  or  involved  to  a  lesser 
d^rce. 

Nature  of  Fatty  Degeneration.  —  The  fatty  degeneration  may  go  on 
in  hearts  otherwise  healthy  in  connection  with  infectious  diseases,  or  in 
chronic  myocarditis  and  in  valvular  heart  di:>eases.  The  exact  nature  of 
the  process  is  not  clear.  Virchow  termed  it  a  "  degeneration,"  but  this 
term,  alt  bough  in  very  general  use,  tiot^s  not  seem  to  deyignate  accurately 
the  process.  It  appears  to  \ye  a  disturbance  of  cellular  metabolism  rather 
than  a  degeneration  of  cell  protoplasm,  and  it  has  been  suggested  that 
perhaps  this  is  due  to  some  interference  with  the  oxidizing  enzymes  such 
that  the  fat  cannot  be  oxidized,  just  as  the  sugar  fails  to  be  oxidized  in 
diabetes.     But  this  suggestion  is  not  founded  upon  any  experimental  data. 

It  is  therefore  most  important  from  the  stand-points  of  both  pathology 
and  prognosis  to  learn  where  this  fat  comes  from  and  how  it  is  formed. 
Virchow  was  the  first  to  teach  that  there  was  a  true  fatty  degeneration,  that 
is  that  the  fat  was  formed  from  nun-fatty  (probably  proteid)  substances 
of  the  sarcoplasm.  It  must  l>e  home  in  mind  that  the  fat  might  be  present 
in  combination  as  it  is  in  lecithin  without  being  visible,  but  that  it  may 
become  visible  when  it  is  split  off  from  the  lecithin  molecules  and  deposited 
as  highly  refractive  droplets  of  true  fat. 

However,  the  analyses  of  numerous  observers  (Bottcher,  Krehl,  Rosenfeld)  show  a 
<iefinil«-  increase  in  the  fat  present  in  the  lipart  muscle  in  fatty  degeiierutiun.  Indeed, 
according  to  Roijcnfeld,  the  mu^clt*  whow.s  "fatty  dt-gtueration  "  whi^iiever  it  contains  more 
than  l.'j-17  jjer  cent,  of  fat  within  the  muacle-cells  (ia  marked  fatty  degeneration  usually 
20-21  per  cent.).  As  he  put  it,  ''there  is  no  true  fatty  degeneration,  but 
the  cell  becomes  poor  in  proteid  and  fat  entern  it."  That  this  fat  is 
not  derived  from  the  breaking  down  of  cell  aubntance,  but  is  derived  either  from 
the  fat  of  the  food  or  from  that  transferred  from  the  subcutaneous  tissue  e]ac- 
where  in  the  body,  has  Ijeen  shown  in  many  ways.  In  the  first  place,  Kreld  demonstrated 
that  the  lecithin  content  uf  the  heart  muwcle  was  practically  constant  and  tjuite  indefjen- 
dent  of  the  degree  of  fatty  degeneration,  and  hence  that  the  fat  was  not  derivefl  from  this 
source,  fcjecondly,  Rowenfeld  showed  that  in  a  heart  whose  lelit  ventricle  apfx^arcd  normal, 
but  whose  right  ventricle  wjw  very  yellow  in  appearance  (and  showed  fatly  degeneration 
on  section),  the  nature  of  the  fat  was  identical  in  both.  Thirdly,  it  was  shown  also  by  Ro*«n- 
feld  that  if  dogs  were  Ktar\'ed  until  their  subcutaneous  fat  had  disjipjieared  and  were  then 
fjoisoned  with  phosphoru.s,  the  fatty  degeneration  ditl  not  then  appear  aa  it  did  in  well- 
fed  dogs.  This  fact  was  further  demonstrated  by  Lcick  and  Wiiicklcr,  whet  |joi(M>ned  their 
dogs  with  phosphorus  ami  then  fed  them  on  mutton  tallow  (iodine  absorption  coefficient 
38.2),  an*l  obtained  a  di'jx)sit  within  the  heart  nHif?eh!  not  of  <log  f;it  (L  A.  C,  58. li)  but  of 
mutton  tallow.  This  seems  to  prove  that  the  "fatty  degeneration"  of  heart  muficle  is 
fllmply  a  deposit  of  fat  within  the  muscle-cell,  just  as  it  occurs  within  the  connective-tissue 
cell  under  normal  circumstancea.     The  deposition  of  thia  fat  is  not  ajisociatcd  with  any 


FATTY  DEPOSITS  IN  AND  ABOUT  THE  HEART. 


311 


!  in  the  lipase  of  the  heart  muscle  nor  of  the  liver,  in  spite  of  the  apparent  increase 
at  metabolism.  The  author  also  found  that  the  amount  of  lipase  in  the  lean  areaa  of 
a  human  Uver  mottleil  with  falty  flegeneration  was  the  game  as  in  the  neighboring  yellow 
areiLs.  It  would  appear,  therefore,  that,  chemically,  the  primary  change  being  absent,  fatty 
degerveration  lies  not  in  the  heart  but  elsewhere  in  the  body.  This  is  further  borne  out  by 
the  fact  that  in  animals  j>oi8one<l  with  jthosphonis,  oil  of  pulegon,  etc.,  the  total  amownt 
of  fat  in  the  body  is  diminished,  while  that  in  the  heart  and  liver  is  increased.  The  latter 
organs  seem  merely  to  deposit  the  fat  thrown  into  the  general  circulation. 

ETIOLOGY. 

Fatty  degeneration   in   the  hyman  heart   oceurs  most  commonly  in 
Dciation  with  alcoholism,  either  acute  or  chronic,  primary  and  secondary 

"ana-mias,  after  hemorrhages,  in  association  with  myocarditis,  valvular 
and  other  cardiac  lesions,  in  most  infectious  diseases,  in  miners,  smelters, 
anil  many  metal  workers,  as  well  as  in  numerous  other  industries  where 
poisonous  substances  are  employed.  In  a  numl)er  of  cases  of  death 
from  chloroform  anaesthesia  fatly  degeneration  has  been  found   and  is 

^usually  ascribed  to  the  action  of  the  chloroform,  but  Rosenfeld  believes 
that  in  these  cases  the  fatty  degeneration  is  always  present  before  the 
chloroform  was  given,  and  thai  this  fact  accounts  for  the  death  of  the 
patient. 

Not  infrequently,  as  in  cases  of  phosphorus  poisoning  and  of  infectious 
diseases,  the  same  agent  which  brings  about  the  fatty  degeneration  also 
gives  rise  to  diminished  tone  of  the  vasomotor  centre.  Failure  of  the  cir- 
culation may  result  from  the  latter  factor,  but  this  need  scarcely  be  ascribed 
to  the  fatty  change  in  the  heart. 


STRENGTH    OF    HE.VRT    WITH    F.\TTY    DEGENERATION. 

These  results  of  chemical  investigation  also  find  their  parallel  in  the 
effects  upon  muscle.  Welch,  in  1SS8,  was  able  to  show  that  the  hearts  of 
rabbits  rendered  fatty  by  prolonged  exposure  to  high  temperatures  were 
quite  normal  as  regards  preservation  of  blood-pressure,  reactions  to  vagus 
stimulation,  etc.;  while  Hasenfeld  ami  Fenyvessy  ten  years  later  showed 
that  animals  poisoned  with  phosphorus  withstood  the  strain  from  clamping 
the  abdominal  aorta  quite  as  well  as  di<l  normal  animals.  On  the  other 
hand,  de  la  Camp  compelled  his  phosphorus  dogs  to  run  a  tread-mill  until 
fatigue  set  in,  aixl  found  with  the  X-ray  that  their  hearts  had  dilated, 
whereas  those  of  normal  dogs  ditl  not  dilate  under  these  circumstances. 
,  T h e  tonicity  of  the  cardiac  muscle  was  diminished, 
iDe  la  Camp's  exj>eriments  have  not  been  repeated  as  yet,  but  they  seem 
to  have  been  very  carefully  carried  out.  It  seems  certain  that,  as  Kraus 
claims,  there  is  a  considerable  difference  between  the  endurance  of  normal 
hearts  ami  of  those  with  fatty  degeneration. 

Moreover,  patients  with  fatty  degeneration  of  the  heart  are  ver>'  sen- 
sitive to  digitalis  and  are  frequently  injured  by  it.  Sudden  death  from 
overdose  of  digitalis  or  from  acute  cardiac  overstrain  is  more  common  in 
patients  with  fatty  degeneration  of  the  heart  than  in  almost  any  otlier 
condition.  The  relative  frequency  with  which  fatty  degeneration  is  asso- 
ciated with  spontaneous  rupture  of  the  heart  is  also  evidence  of  weakness 
of  the  walls. 


Jj 


312 


)ISEASES  OF  THE   HEART   AND   AORTA. 


SYMPTOMS    AND    SIGNS. 

The  most  characteristic  symptoms  associated  with  the  condition  are 
thone  of  gf^neral  debility  and  feebleness,  more  or  less  languor  and  somno- 
lence, as  a  rule  without  marked  cardioresinrntory  rymptonis  except  short- 
ness of  breath  on  exertion.  The  pulse  is  usually  small,  rather  collapsing, 
and  feeble;  the  blood-pressure  is  below  normal,  except  when  complicated 
by  chronic  myocarditis  or  valvular  lesion  (niaxinial  pressure  SK)  to  115 
mm.  Kg);  ihe  pvdse-rat^  is  increased.  On  physical  examination  the  heart 
may  be  either  normal  or  dilated,  the  sounds  either  feeble  an<l  distant  or 
short  and  sharp;  the  apex  impulse  may  or  may  not  be  well  marked.  The 
liver  and  spleen  are  often  enlarged  ss  part  of  the  general  malady  of  which 
the  cardiac  condition  also  forms  a  part.  There  is  sometimes  cedema  of  the 
feet  and  ankles.  However,  it  must  l>e  frankly  admitted  that  none  of  these 
is  either  constant  or  characteristic;  and  the  diagnosis  may  have  to  be 
made  from  inference  only. 

DIAGNOSIS. 

The  diagnosis  of  fatty  degeneration  may  oft^n  be  made  ^ith  more  or 
less  probability  from  a  knowledge  of  the  etiological  factors,  but  not  from 
any  of  the  physical  signs,  so  that,  as  Krehl  puts  it,  there  are  no  clin- 
ical signs  for  the  diagnosis  of  fatty  degeneration  of 
the   heart. 

TRE.\TMENT. 

When  the  condition  is  recognized,  or  rather  suspected,  the  treatment 
consists  of  absolute  rest  in  bed  for  at  least  two  weeks  after  the  acute  dis- 
turbance hius  passed  off  and  nntil  slowed  respiration  and  increased  tolerance 
to  mild  but  gradually  increasing  arm  exercises  show  that  the  heart  muscle 
has  regained  its  normal  condition.  Whether  it  is  possible  to  overcome  the 
fatty  degeneration  of  a  chronically  tliseased  heart  is  questionable,  but  in 
that,  as  in  other  conditions,  treatment  must  be  guided  by  the  general 
response  of  the  patient,  and  overnexertion  must  constantly  be  shunned. 

It  must  be  borne  in  mind  that  hearts  which  are  in  a  state  of  fatty 
degeneration  are  particularly  sensitive  to  digitalis;  so  that,  when  this  con- 
dition is  suspected,  digitahs  should  be  either  avoided  or  given  in  smaller 
doses  than  usual. 

PROCiNOSIS. 

Spontaneous  recovery  is  the  rule  if  too  great  a  burden  is  not  imposec 
on  the  heart;  but  in  spite  of  the  results  of  animal  experiments,  especially 
those  of  Welch  and  Hasenfeld  and  Fenyvessy,  attention  must  be  called 
to  the  fact  that  sudden  death  is  far  from  a  rare  occurrence  in  hearts  with 
fatty  degeneration.  It  occurs  most  frequently  after  or  during  exertion. 
One  can  scarcely  avoid  the  suspicion  that  fjerhaps  the  condition  which 
brings  about  the  change  in  the  fat  metabolism  is  also  one  which  liniits  the 
total  metabolism  of  the  heart  muscle-cells  and  consequently  their  contrac- 
tility; so  that  after  a  certain  limit  is  passed  they  suddenly  cease  their  func- 
tion, just  as  is  the  case  in  the  cellular  asphyxia  of  intermittent  claudica- 
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lion  and  roronary  sclerosis  (see  page  380,  Fig.  IOC),  or  in  k»xic  myoctinlitin 
from  (iiphtheria.  Spontaneous  rupture  of  the  heart  is  par- 
ticularly common  in  cases  of  fatty  degeneration.  The  latter  whs  present 
in  77  per  cent,  of  the  cases  collected  by  Hamilton. 
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IX. 

AFFECTIONS  OF  THE  MYOCARDIUM. 

A  certain  amount  of  degeneration  in  the  fibres  of  the  heart  muscle 
occurs  during  the  course  of  every  acute  febrile  disease  or  intoxication.  As 
has  been  seen  in  previous  chapters,  the  heart  under  these  conditions  exhibits 
signs  of  overstrain,  and  the  diagnosis  of  myocarditis,  therefore,  depends 
upon  the  degree  rather  than  the  mere  existence  of  cardiac  weakness. 
However,  in  certain  cases  the  signs  of  cardiac  weakness  overshadow  those 
of  the  original  disease  and  it  is  in  these  that  acute  myocarditis  is  usually 
recognized.  The  chronic  changes,  however,  which  follow  long  after  the 
original  disease  has  subsided,  present  a  less  complicated  picture  and  there- 
fore are  more  easily  recognized. 

PATHOLOGICAL   ANATOMY. 

The  lesions  of  acute  and  chronic  myocarditis  are  merely  different 
stages  in  a  process  which  is  more  or  less  continuous.  The  lesions  of  chronic 
myocarditis  are  always  preceded  by  the  acute  lesions,  but  the  degeneration 
may  not  be  so  severe  at  any  of  the  earlier  periods  as  to  give  rise  to  symp- 
toms of  cardiac  weakness. 

In  the  first  stage  of  acute  myocarditis  there  is  injury  and  degeneration 
of  the  muscle-fibres,  with  cedema  about  them,  and  infiltration  of  polymorpho- 
nuclear or  mononuclear  cells  into  the  oedematous  spaces  between  the  fibres. 

Degenerative  Changes. — The  degenerative  changes  which  take 
place  in  the  heart  muscle  are:  (1)  parenchymatous  degeneration, 
(2)  fatty  degeneration,  (3)  hyaline  and  amyloid  degenera- 
tion, (4)  calcareous  degeneration,  and  (5)  fragmentation. 

Parenchymatous  degeneration  of  the  heart  muscle  was  first 
described  by  Virchow  and  Boettchcr.  The  muscle-fibres  swell,  lose  their 
striation,  and  the  plasma  contains  numerous  granules  of  an  albuminous 
material,  probably  altered  muscle  proteid  (myosin).  They  retain  their 
contractile  power  to  a  certain  extent,  but  its  force  at  this  stage  is  somewhat 
impaired,  and  the  cell  may  subsequently  return  to  normal  without  under- 
going complete  necrosis.  In  the  more  severely  injured  cells  the  nucleus 
is  destroyed,  the  sarcoplasm  becomes  filled  with  vacuoles,  takes  on  a  basic 
stain,  and  is  gradually  absorbed,  leaving  only  the  sarcolemma.  Often,  but 
not  always,  parenchymatous  and  fatty  degeneration  go  on  in  the  same 
fibre,  the  fat  being  deposited  as  the  proteid  is  removed. 

In  some  cases  fibres  undergo  hyaline  or  waxy  degeneration 
(Zenker)  and  present  an  absolutely  homogeneous  appearance,  taking  up  the 
acid  stains  (protoplasmic)  with  great  avidity.  In  rarer  cases  there  is  a 
calcareous  degeneration  with  deposit  of  calcium  salts  in  the. muscle- 
cells.     These  cells  then  take  up  the  basic  (or  nuclear)  stains  (description  of 
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a  case  and  discussion  of  the  literature  is  to  be  found  in  the  article  of  E.  K. 
Cullen).  Tho  dt^genrmtion  is  novcr  uniformly  distributed  throughout  the 
cells,  not  all  the  cells  being  affected  at  once  ot*  iu  the  same  degree. 

Occasionally  the  heart  muscle-cells  show  peculiar  aplit*  extending  transvereely  across 
the  whole  or  ixirt  of  the  ce!!.  This  condition  is  known  as  "fragmentation."  The 
fibres  may  show  no  other  siRns  of  degeneration,  the  transverse  strialions  may  be  clear,  and 
the  luniritudmal  striie  may  be  distinct  up  to  the  line  of  the  fracture.  Fragmentation  has 
been  found  af1*r  death  from  a  tremendous  variety  of  cauBCH,  even  in  imlividutils  dying  from 
accident.  It  does  not  seem,  therefore,  to  be  a  sign  of  specific  degeneration,  hietrich's 
attem|.ts  to  prove  it  an  artefact,  and  either  to  exclude  it  when  once  present  nr  to  bring  on 
fragmentation  by  allowing  the  heart  to  paijs  through  various  stages  of  decomixisition,  have 
l>een  unsuccessful,  and  Buhlig  in  a  very  careful  research  seems  to  have  shown  that  it 
is  an  artefact  which  is  prothteed  when  the  microtome  knife  cuts  at  right  angles  to  the 
muscle-fibres.  This  observation  slill  n'lpiire.H  confirnuition.  Otherwise  the  consensus  of 
opinion  seems  to  be  that  fragmentation  is  flic  result  uf  .some  change  in  tlie  muscle-fibres 
occurring  during  the  death  agony,  and  that  it  is  not  to  be  regarde<l  as  a  degeneration. 

As  illustrating  the  frequency  of  the  several  ty{)es  of  myocardial  degeneration  Romberg 
finds  the  following  frequency  in  20  cases: 

Typhoid  fever — 11  auses:  Parenchymatous  (albuminous)  degeneration,  moderate  or 
intense  10:  fatty,  present  6,  absent  h;  hyafine  or  waxy  (slight)  2,  absent  9. 

Scctrlel  frivr — 10  cases:  Albuminous  ricgeneration,  present  8,  absent  1,  not  noted  1; 
fatty,  intense  1,  moderate  1,  absent  S;  hvaline  or  waxy,  moderate  3,  absent  7. 

Dip/Uhen'a — 8  ca^^en:  Albunrinmis,  intense  1,  moderate  4,  absent  3;  fatty,  intense  6, 
absent  3;  hyaline  or  waxy,  present  2,  absent  6. 


FiQ.  144. — Infiltration  alontt  llie  W)un«e  of  the   hlotnt-ve***!*  in  subacute  myocardili*.     Dlooil-veHflls 
uijccte<J.      A.   Iaiw  power.     li,  i^auie,  lii|[her  puwcr.      ^Phututnicrogmph  by   Dr,  C.  S.  Bond.) 

Distribution  of  Myocardial  Changes.— In  man.  according  to  Krehl,* 
acute  ni y  o c  a r dial  1  e s io n  s  a r e  parti c u  1  a i- 1  y  c o m  ni o n  in  the 
papillary   muscles  of   the    left   ventricle    and   in    the    mua- 

'  Examination  of  Specimerui. — In  cases  in  which  the  state  of  the  myocanlium  is 
of  imj>orlancc,  the  microscopic  structure  of  the  heart  muscle  should  always  be  examined 
by  the  method  of  Krehl.  Krehl  cuts  the  heart  into  cubical  bWks  I  cm.  in  »\zf,  numbering 
them  in  order  »o  that  the  exact  location  of  each  block  can  be  accurately  determined.  These 
blocks  are  fixed  in  Mailer's  solution  and  a  section  or  two  from  each  is  examined.  In  this 
way  a  very  thorough  idea  of  the  extended  distribution  of  lesions  may  be  gaineti,  and  a  study 
of  a  very  few  hearts  thus  reveals  more  accurate  knowledge  than  can  otherwise  be  gained 
from  a  large  number  of  organs  examined  leas  thoroughly. 
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culature  about  the  left  auriculoventricular  ring,  lying  within 
the  lymph  spaces  about  the  small  arteries,  which  they  sur- 
round in  sleeve,  cuff,  or  signet-ring  distribution.  The  oedema 
produced  during  experimental  cardiac  overstrain  (Roy  and  Adami)  and  the 
myocardial  k^sions  produced  with  adrenalin  (Josue,  Loeb  and  Fleisher,  Pearce) 
and  adrenalin  and  spartein  (Loeb  and  Fleisher),  all  have  this  same  distribution. 
Loeb  and  Fleisher  have  shown  that  two  deleterious  agents,  such  as  adren- 
alin and  spartein  or  cafTein,  given  together  produce  myocarditic  lesions  in  a 
much  greater  number  of  cases  than  either  of  them  acting  alone,  and  this  rule 
is  probably  true  for  all  diseases  and  intoxications.     They  found  oedema  of  the 

connective  tissue  appearing  within  two  days,  fol- 
lowed by  perivascular  infiltration  several  days 
later  and  then  by  fibrosis  in  a  few  weeks.  The 
muscle-fibres  were  at  first  swollen  and  vacuo- 
lated, and  later  either  remained  enlarged  (hy- 
pertrophied)  or  underwent  atrophic  changes. 

Abscess. — The  form  which  the  foci  as- 
sume depends  chiefly  upon  the  nature  and 
jiroperties  of  the  infective  agent.  If  the 
virulence  of  the  germ  is  great,  ab.scesses  may 
be  produced  in  the  heart  muscle  (suppurative 
myocarditis)  aselsewhero  in  the  body.  These 
abscesses  are  usually  produced  by  small  septic 
thrombi  which  plug  the  minute  brunches  of 
the  arteries.  Under  the  influence  of  the  fibrin 
frnui'nt  .secreted  by  the  bacteria,  the  vessel 
soon  becomes  completely  filled  with  a  throm- 
bus, an  area  of  isch:Emia  results  in  the  heart 
muscle,  which  quickly  becomes  infected  and 
breaks  <lowri  to  form  an  abscess.  These  ab- 
scesses vary  in  size  from  a  submiliary  nodule 
to  a  cavity  separating  the  muscle  layers  in  the 
entire  interventricular  septum.  They  are 
usually  produced  by  the  pyogenic  cocci  in 
eepticiemia  or  following  trauma  to  the  heart  (see  page  620).  The  outcome 
is  usually  fatal.  Occasionally  there  is  rupture  of  the  ventricle  through 
the  necrotic  portions  of  the  wall. 

"Rheumatic"  Foci. — In  the  less  virulent  infections,  such  as  rheuma- 
tism, typhoid  fever,  influenza,  the  foci  tlo  not  undergo  suppuration,  but 
the  lymph  spaces  around  the  arteries  and  capillaries  are  filled  with  cellular 
infiltration,  polymorphonuclear  in  most  of  the  acute  infectious  diseases, 
while  mononuclear  cells  predominate  in  myocarditis  from  typhoid  fever 
antl  subacute  rheumatism. 

Since  rheumatic  fever  is  perhaps  the  most  common  cau.se  of  myocar- 
ditis, the  lesions  which  it  protluces  are  of  particular  interest,  Rondjerg, 
AschotT,  Gcii>el,  and  Coombs  have  called  attention  to  the  presence  of  small 
subniiliury  foci  0.1-0.2  mm.  in  diameter,  which  occur  with  great  frequency 
in  rheumatic  patients,  especially  in  the  musculature  about  the  mitral  ring. 
Kach  focus  consists  of  a  hyaline  centre  formetl  by  agglutinative  thrombosis 
within  a.  capillary.    About  this  there  is  a  zone  of  giant  cells  each  containing 


Fio.  145. — i?ep»i<!  myopanlitis  with 
mtiltiple  ab^ceivi^en  iii  the  lie&rt  wall. 
The  arrows  point  to  the  Ab«cesa«9. 
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(  nuclei,  and  these  in  turn  are  surrounded  by  a  wider  zone  of  mononuclear 
cells  interspersed  with  eosinophiles.  The  writers  mentioned  regard  these 
foci  as  pathognomonic  of  rheumatism,  although  they  may  bear  only  the 
general  features  of  a  subacut^^  inflamniation  about  an  area  of  hyaline  throm- 
bosis. Indeetl  the  most  typical  specimen  of  these  found  in  the  Johns 
Hopkins  Pathological  Museum  was  seen  in  a  case  of  non-rheumatic  myocar- 
ditis. On  the  other  hand,  Freund  has  rrport^^i!  a  case  of  acute  rheumatic 
myocarditis  in  which  the  infiltration  was  mainly  polynmrphonuclear. 

Bracht  and  Wnchter  have  recently  produced  arthritis,  enducnrdii is,  and  myocarditia 
Willi  IvTnphocytic  infiltralion^  in  animals  by  injettion  of  cultures  of  diplocopci  obtained 
from  Ivvn  ca.>»es  of  acut**  articular  rljeumati^m.  These  infiltrations  cr»ntra.st  sharply  v.nth 
the  polymorphoiniclear  in  tilt  mt  ions  usuiiUy  produced  by  pyogenic  streptococci. 


Fio.  I4rt. — PhofninifroKraph»liowinKaiiBbsp«!Mlnthehpart  muscle.  A.  Low  power.  B.  Same,  liigher  power. 

Subsidence  of  Lesions. — The  changes  which  occur  in  ilie  myocardium 
when  the  patient  recovers  from  the  acute  infection  or  intoxication,  which 
is  the  causal  factor,  vary  both  with  duration  and  intensity  of  the  disease 
and  the  rapidity  and  completeness  of  the  recovery.  If  the  causal  factor 
completely  disappears  and  its  sojourn  in  the  body  !uis  been  a  short  one,  no 
permanent  changes  may  have  taken  place.  The  u'donm  of  the  fibix's  disap- 
pears, the  cellular  exudate  may  be  absorbed  in  toto,  and  the  myocanrnini 
may  resume  its  normal  appearance.  If  areas  of  fibres  have  been  destroyetl 
their  place  may  be  taken  by  scar  ti.ssue.  But  if  the  duration  of  tlie  process 
has  been  so  long  that  connective  tissue  has  begun  to  be  formed  in  the 
exudate,  the  traces  are  no  longer  obUterated  ami  a  chronic  myocarditis 
has  set  in. 

I'ATHOLOr.ir.VL    PHYSIOLOGY. 

As  has  been  seen  in  previous  chapters,  hearts  whose  muscle 
is  injured  become  dilated  upon  comparatively  slight 
exertion,  while  healthy  hearts  resist  dilatation  in  spite  of  tremendous 
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exertion.     Moritz  and  Dietlen.  whose  X-ray  studies  have  demonstrated 

that  the  normal  heart  becomes  smaller  in  severe  exercise,  have  shown  that, 
on  the  contrary,  the  heart  whose  muscle  is  diseased  undergoes  tremendous 
dilatation.  Fleisher  and  Loeb  found  that  anlema  of  the  lungs  from  NaCl 
infusion  sets  in  mueh  more  readily  in  myocanlitie  than  in  normal  rabbits. 
The  blood-pressure  is  usually  low  in  arute  mjoearditis,  but  this  is  due  to  the 
fart  that  the  toxic  substances  which  injure  the  heart  muscle  also  depress  the 
vasomotor  centre.  Tlie  low  blood-pressure  is  due  to  the  latter  influence  and 
not  to  the  weakne!>s  of  the  heart- 

These  facte  were  broupht  out  by  very  interesting;  studies  of  the  physiology  of  the 
heart  muscle  after  injections  of  diphtheria  toxin  which  were  made  by  Roily  and  later  by 
V.  Stejskal,  Roily  used  a  doee  of  toxin  which  just  killed  his  rabbits  in  twenty-four  liours, 
and  then  be-gan  his  cxperinjents  about  twenty-two  hours  after  the  injection.  He  found 
that  at  this  time  the  b  1  o  od -pre^s  u  r  e  and  puLse-rate  of  the  animal 
were  s  f  i  1 1  quite  normal,  and  that  the  heart  was  still  able  to  respond  well  to 
increased  work  thrown  uixon  it  by  compreBsinR  the  abdominal  aorta,  etc..  and  that  the  bltKxJ- 
pressure  increased  con.siderably.  About  half  an  hour  liefore  death,  ho\\'ever.  the  blood- 
pressure  befran  to  fall,  o\virtg  to  loss  of  ViLsttmotor  tone,  as  had  Jieen  shown  by  Romberg. 
Even  at  Ihis  time  the  heart  was  still  «troni;  enovigh  to  respond  by  a  second  rise  of  b]oo<]- 
pressurp  U|lkhi  clamping  the  abdominal  aorta.  Very  Boon  after  this,  however,  within  a 
few  minutes,  the  rate  became  irregular  and  the  heart  weak- 
ened completely.  V.  Sleiskal's  results  were  similar.  The  action  of  the  diphtheria 
toxin  had  not  l>een  immediate,  but  it  had  re<|uired  several  hours  to  combine  with  the  heart 
muscle,  after  which  its  weakness  was  mauifest. 

The  conclusion  reached  by  Roily  and  v.  Stejskal  is  that  the  heart 
remains  competent  in  spite  of  muscular  weakness  until 
a  certain  (Hegree  of  strain  is  imposed  upon  it,  when  it 
suddenly  crosses  the  threshold  that  leads  to  failure,  dilatation,  and  even 
death.  The  threshold  of  cardiac  overstrain  in  the  healthy  heart  is  at  a 
much  hif^her  level. 

Arrhythmia  in  Acute  Myocarditis. — Irregtdarity  of  the  pulse  cannot  be 
brought  about  by  injuring  the  myocardium  by  injection  of  alcohol,  iodine, 
or  even  KCX,  but  often  occurs  in  man  as  a  result  of  myocardial  lesions, 
especially  after  e.xercise  and  overstrain.  Gerhardt,  Miillcr,  and  Schoulierg 
have  called  attention  to  the  association  of  irregularity  with  structural 
changes  in  the  right  auricle  ami  fibrillation.  In  mitral  disease  it  is  probable 
that  irregularity  arises  in  the  left  auricle  rather  than  in  the  right,  since  the 
latter  is  then  not  the  seat  of  pathological  conditions.' 

Bradycardia  is  met  with  in  the  late  forms  of  diphtheric,  influenzal, 
and  pneumonic  myocarditis  and  occasionally  during  the  febrile  stage.  It 
is  often  vagal  in  origin,  but  is  sometimes  due  to  depressed  conductivity 
of  the  auriculoventricular  bundle,  the  ventricle  responding  only  to  alter- 
nate contractions  of  the  auricle  (2 :  1  rhythm).  It  is  probable  that  under 
these  conditions  toxic  myocardial  changes  have  taken  place  in  the  bun- 
dle (Mackenzie).  It  is  not  unlikely  that  some  of  the  sudden  deaths 
during  convalescence  from  diphtheria  may  be  due  to  this  cause  (Dunn, 
see  page  578). 

i  More  fully  discusaed  ia  chapter  on  Mitral  Stenosis. 
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SIGNS    AND   SYMPTOMS. 

The  most  characteristic  sign  of  myocardial  weak- 
ness is  dilatation  of  the  heart  (see  page  202).  The  h.eart 
is  usually,  but  by  no  means  always,  rapid,  the  sounds  may  be  clear  but  are 
usually  short  and  j>hnr[);  they  may  be  embrj'oeardiiic  in  rapid  hearts;  a 
gallop  rhythm,  esix^eially  of  the  p  r  c  s  y  s  t  o  1  i  c  type,  may  be  present. 
or  the  sounds  may  be  definitely  split  (reduplicated).  It  is  also  very  com- 
mon to  hear  soft  systolic  murmurs  over  the  apex  or  the  tri- 
cuspid area,  due  to  functional  in.sufficiencies  at  the  aurirulovcntricular 
orifices  (see  page  422),  or  to  hear  the  "accidental"  Ry.stolic  murmur  in 
the  pulmonary  area.  The  s  e  c  o  n  <1  pulmonic  sound  is  usually  a  c  - 
c  e  n  I  u  a  t  e  d   from  stasis  in  the  pulmonar}'  vessels. 

Oinically.  uncomplicated  myocarditis  is  met  with  in  the  course  of  the 
febrile  diseases  and  the  intoxications,  especially  alcohol- 
ism, phosphorus  poi.soning,  and  ptomaine  poisoning.  It  is  pifsent 
iidso  in  a  certain  degree  in  almo.st  every  case  of  acute  endocarditis  or  [Deri- 
carditis,  where  it  is  but  part  of  the  general  "carditis." 

Its  manifestations  are  simply  those  of  acute  heart  failure  or  of  cardiac 
overstrain  occurring  while  at  rest  or  upon  very  slight  exertion.  The  symp- 
toms are,  therefore,  sometimes  those  of  broken  pulmonary 
compensation  (failure  of  the  left  ventricle,  page  207),  sometimes 
those  of  broken  systemic  compensation  (failure  of  the 
right  ventricle),  according  as  the  left  ventricle  or  the  right  is  the  one  most 
affected.  In  many  ca.ses  there  are  attacks  of  precordial  pain 
amounting  almost  to  angina  pectoris,  coming  on  when  the  heart  is  acutely 
dilated  after  excitement  or  exertion. 


ACUTE    MVUCARDITIS    IN    RHEUM.\TIC    FEVER. 

Although  weakening  of  the  heart  is  one  of  the  most  important  factors 
in  general  asthenia  that  accompanies  or  follows  tonsillitis  or  rheumatic 
fever,  it  does  not  often  kill  the  patient  and  hence  is  not  often  a  striking  fea- 
ture at  the  autop.sy  table. 

The  following  history  illustrates  the  course  in  fatal  cases,  showing  (1) 
the  gradual  insidious  onset,  (2)  shortness  of  breath,  extreme  weakness, 
and  finally  ascending  cedema,  (3)  dilatation  of  the  heart,  with  0L»dema  and 
degenerative  changes  in  the  heart  muscle,  without  cither  hypertrophy, 
fibrous  changes,  or  valvular  lesion. 


Cabb  op  ActTTB  Rheumatic  Myocabditis. 


I 

^m  Annie  Jonea,  female,  colored.  48,  a<lmitted  July  5,  1904,  compbininp  of  "  rheii- 

^H^  ID  a  t  i  6  m  , ' '  of  which  uhe  has  had  attacks  for  many  yean*,  especially  iimrkecl  during  the 
^^K||at  two  years.  The  knees  and  shoulders  have  been  the  joints  most  fretjuently 
^^P^'^ected.  She  has  Imd  no  other  infectious  diseases  and  the  previous  history  is  otherwise 
II  negative.    No  shortness  of  breath  nor  palpitation.    During  past  four  weeks  lias  been  com- 

pelled to  sleep  ui>rijfht  in  a  Morris  chair.  ,ind  has  had  ineoniinence  of  fceces. 

Physical    E.xaminatiox. — Patient  is  a  very  stout   colored  woman,  lying   quietly 
on  her  back  in  bed.    Pupils  etjual  and  react  to  light  and  accommodation.    Chest  clear. 

Heart. — Impulse   is   not   vi.silde.     Relative   cardiac    dulness    extends  13 
cm.   to  left  of  midline  in  fourth  interspace,  30  cin.  to  the  right.    First  sound  at  apex 
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is  very  loud  and  not  perfectly  clear,  though  there  is  no  definite  murmur.  Second  sound 
resembles  the  first  in  quality  but  is  clear.  I^^lse  regular,  of  good  volume,  rutlier  high 
ten-Hion,  100  fwr  miimte.    Vessel  wall  soraewliat  lliickened. 

A  III  d  o  m  e  n  is  extremely  large  and  swollen;  there  in  dulness  in  dependent  portion. 
Liver  its  not  enlarged.  ljeg.s  are  extremely  swollen  and  indur»te<l;  «lo  not  even  pit  on 
pressure.  Knee-  and  ankle-joints  much  swollen  anil  stilT.  A  round  perforating  uloer  is 
present  at  left  heel.    .No  disturbance  of  sensation  anywhere. 

Temperature  99°;  red  blood-corpuscles  4,04(5,000;  haemoglobin  55  per  cent.;  leuco- 
cytes 3S00. 

Ordered  rest  in  bed;  soft  diet;  diuretin  1  Gm.  (gr.  xv)  q.  4  h.;  ulcer  of  fo<)t  to  be 
irrigated  with  sol.  ixitaas.  permang.  1:20000  h.  il.  On  July  7,  ordered  tinclura  dig- 
ituiis  1  c.c.  ("Lxv)  q.  4  h.,  ad  dos.  viii;  this  whs  then  repeated  and  conlinued  throughout 
the  course  of  disease.  Spts.  glycerylis  nitrat.  gtl.  ii,  q.  4  h..  alternating  with  sod.  uitrit. 
0.3  Cim.  (gr.  v)  q,  4  h.;  inor[>hin.  Kulph.  O.OOS  dm.  (^  gr.)  pr.n. 

July  12.  Heart's  action  irregular;  first  soiiml  n?duplicate<l  over  tricuspid  area;  no 
raunnurs,  Jttfy  15.  There  is  a  large  perforjilinfr  uk-tr  just  l>elo\v  coccy.\.  This  was  irri- 
gatetl  with  potsiss.  permangsinute  1  :  2(XKK)  and  packi-d  with  io<loform  gauze.  July  l(j. 
Temperature  lOti";  percussion  note  imiwired  al  left  base  behind,  where  breath  sounds  are 
alwent.  .\  few  rtiles  have  previously  Ik?€mi  heart!  in  this  area.  Orflen*d  strychnine  sulplu 
O.OfK!  dm.  (I'o  gr.)  and  digitalin  0  ()t):{  iSm.  (n\>  ^r.)  hyjio.  q.  4  h.  At  7.W  p.m.,  respiration 
shallow  with  expiratory  grunt.     A\  11.00  became  unconscious,  and  died  at  12.45. 

Al'T(J!>4JY  showed  alxiut  1  litre  of  flui«l  in  (leritoneal  cavity;  congestion  of  lower  lobe 
of  lungs. 

Heart. — Several  opaque  white  patches  over  epicardium,  one  with  a  (hametcr  of 
3  cm.  Coronary  arteries  soft  and  smootli.  Heart  muscle  soft,  flabby, 
and  of  y  e  1 1  o  w  i  8 h - b  r o  w n  color,  studded  with  numerous  small 
opaque   white   areas.    Tlie  muscle  bundles  are  widely  separated  nuclei.    Under  tlje 

raicroacoiH^  the  m  use  I  e- f  i  b  res  are  seen  to  be 
swollen;  little  new  gn>wth  of  interstitial  connective 
tissue.  Heart  weighs  250  Gm.  flight  sclerosis  about 
base  of  aorta,  tione  elsewhen.'.  Kidneys  normal  in  gi*e, 
pale  and  cloudy.    Liver  .'ihnws  some  fatty  degeneration. 

DIPHTHERIC    AND    INFLUENZAL    MYOCARDITLS. 

Acute  myocarditis  is  the  chief  cau.so  of  death 
in  diphtheria  and  infUioiiKa.  In  theso  conditions 
it  may  manifest  itself  either,  (i)  as  an  early  form 
during  the  course  of  ihp  fever,  or  (2)  as  a  lat-e  form 
which  becomes  manifest  after  the  temperature 
has  fallen.  The  cases  of  diphtheric  myocarditis 
have  been  most  carefully  studied  by  Hibbanl 
in  800  cases  with  119  deaths  (15  per  cent.)  at 
the  lio.^ou  City  Hospital.  In  spite  of  the  high 
average  mortality,  the  mortality  was  less  than 
5  ]x?r  cent,  in  those  cases  in  which  the  pulse- 
rate  was  below  Kit)  j^er  minute,  increasing  as  the  pulse-rate  incivaectl 
above  that  figure.  Death  was  especially  freriuent  in  those  cases  in  which 
a  gallop  rhythm  was  noted.  Bradycardia  (under  CO  per  minute)  was  not 
a  severe  sign  in  adults  (14  ca.ses  without  a  death;  only  2  with  cardiac 
symptoms),  whei*eas  in  casfs  under  7  years  it  was  a  very  grave  sign 
(0  ca.«*es,  5  deaths).  In  all  Hibbard's  fatal  cases  there  were  both  acute 
myocardial  change  and  degeneration  of  the  fibre.s  of  the  vagus. 

Sudden  death  is  not  uncommon  in  cases  of  diphtheric  myocar- 
ditis; in  Dunn's  case,  from  the  onset,  heart-block  (Adams-ISlokiva  syndrome) 


FtO.  147. — Orllindiagraph'ir  out- 
Unw  of  the  Iteart  uf  a  chil>l  during 
the  course  of  a  iievere  diphtheria. 
tAfter  Dietleii,  MuncKttn  med. 
Wrhnachr..  \W5.  \lt,)  +  +  +++. 
oufhni*  on  fifth  day  (MR. -,1.0 
cm.,  Mt-.=.r,.u  cm.,  L.-fi.I  cm.); 

,  oiithno    on    iieveuth  day 

(MU.  =  3..i  cm.,  ML. -8.1  cm.,  L. 

-=  12.4    cm.);     ■,    outlme    on 

twentv-sixth  day  (MR. -2.0  cm., 
ML.  =-(1.5  cm..  L.=9..1cm,). 
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was  the  result  of  myocardial  change  in  the  vicinity  of  the  auriculoventricular 
bundle.  The  alow  pulse  also  is  often  due  to  partial  heart-block,  2  :  1 
rhythm,  though  this  may  be  due  to  overstimulation  of  ilivs  vagus  as  well 
as  to  injury  of  the  bundle. 

Just  as  diphtheria  affects  the  myocardium  in  the  very  young,  influenza 
affects  it  in  the  aged.  Indeed  myocarditis  constitutes  one  of  the  gravest 
effects  of  this  disease,  and  is  especially  to  be  feared  after  the  sixth  decade. 

The  foUowiug  case  serves  as  an  example : 

Case  of  Influenzal,  Myocahditis. 

Patient,  aged  75,  of  sedentary  habtts,  rather  stout,  but  free  from  all  cardiac  symp- 
toms. Pulse  had  always  been  of  good  volume  and  regular.  Had  a  severe  attack  of 
influenza  in  March,  1903,  confining  her  to  betl  for  a  mouth.  No  special  car- 
diac features.  After  a  short  convalescence  she  was  again  able  to  lie  ufj  and  about.  A  few 
tlays  later,  just  after  retiring,  she  had  a  severe  attack  of  cardiac  asthma, 
breathleasness,  orthopnoea,  and  stight  precordial  pain.  No  true 
angina.  Moderate  degree  of  cyanosis.  Pulse  small,  rapid,  irregular.  Cur<iiac  dulnesa 
alightly  enlarged.  Soft  Bystolie  murmur  heard  over  the  entire  heart.  The  attack  lasted 
half  an  hour,  symptornK  iM'ing  much  relieved  by  inhalations  of  arayl  nitrite. 

Patient  was  given  complete  rest  in  l>ed  for  a  few  days,  with  fluidextract  of  digit-alia 
tiLv  (0.3  c.c.)  three  times  a  day  and  soft  diet,  and  was  then  kept  at  rest  in  a  large  arm-chair, 
jradual  convalescence.  Soon  Iiecame  free  from  BymptoniB,  but  pulse  remained  70  and 
Irregular  and  she  was  compelled  to  refrain  from  every  effort  except  one  daily  trip  up  and 
ilown  staira,  during  which  she  rested  at  each  8t«p  long  enough  to  coimt  twenty.  In  June 
and  July,  1904,  she  had  several  similar  attacks,  and  though  she  improved  somewhat  her 
pulwi  remained  jwrrnanently  irregular.  Died  suddenly  a  year  and  a.  half  later,  death  fol- 
lowing six  weeka  after  u  severe  cellutiliB  of  the  leg, 

Case  of  Subacute  Alcoholic  Myocarditis. 

B.  C.  S.,  reporter,  married,  aged  36,  admitted  to  the  service  of  Prof.  J.  0,  Htrech- 
felder.  City  ami  County  Hospital  of  San  Francisco,  January  23,  19€.5,  complaining  of 
shortness  of  breath  and  swelling  of  feet.  Father  and  brother  are  subject  to  rheumatism, 
and  patient  himself  had  swelling  of  joints  four  yeans  ago,  about  the  time  of  a  gonorrhowil 
infection.  He  had  measles,  whoopingn^ough,  and  scarlet  fever  as  a  child,  and  typhoid 
fever  seven  years  ago.  Denies  syphilis.  Married,  but  has  had  no  children.  U.ses  tobacco 
in  moderation,  but  drinks  whiskey  in  excess,  as  a  probable  result  of  which  he  has  fallen 
from  the  best  to  the  lowest  strata  of  society. 

Prbsent  Illness. — Four  weeks  ago  while  in  the  midst  of  a  series  of  debauches  he 
noticed  that  his  shoes  became  tight,  and  in  a  few  days  his  legs  became  bo  swollen 
that  he  could  not  put  on  his  drawers.  He  had  pain  in  the  legs  on  walking,  owing  to  the 
<Fdema.  He  also  felt  very  weak  and  became  exhausted  easily.  Has  Imd  sliortness 
of  breath  on  exertion. 

Physical  Examination. — Well-nourished  man  of  good  color.  Tongue  and  uvula 
deviate  slightly  to  the  right.  General  glandular  enlargement.  Epitrochlears  palpable, 
^hest  negative  except  for  a  few  moist  rales  over  right  axilla  and  base. 

Heart . — Cardiac  impulse  not  visible.  Relative  canliac  dulnesa  extends  to  12.5 
cm.  from  midline  in  fifth  int^jrspace  (3  em.  outside  mamraillary  line),  4  cm.  to 
right  of  midline  and  above  to  the  third  rib.  Sounds  are  very  rapid,  the  first  sound  every- 
where  replaced  by  a  systolic  murmur  which  is  loudest  at  the  apex;  not  transmitted  to  the 
axilla;  pulmonic  second  accentuated.  Pulse  108.  regular  in  force  and  rhythm,  low  tension, 
fairly  good  volume.    Radial  artery  not  palpable. 

Liver  just  palpable.  No  sear  on  genitaha.  Lower  extremities  are  covered 
with  pediculi  and  raw  scratch  marks.  Marked  oedema  of  both  legs.  Urine  nega- 
tive, flp.  gr.  1028. 

O.-dered  liquid  diet ;  fluidextract  digitalis  0.3  c.c,  C^v)  q.  4  h.;  spir.  glycerylia  nitratis 
1  gtt.  q.  4  b.;  sol.  magnes.  Bulphat.  sat.  30  c.c.  (3i);  ung.  sinci  oxid.  to  1^. 
21 
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Jan.  30.  Pulse  slow  and  somewhat  irregular,  venous  tracing  show- 
in|t  that  some  of  the  auricular  impulses  (h'd  not  reach  the  ventricle  (2:1  heart-block), 
(jiven  atropine  0.0015  Gtn.  {\  gr.)  tit  12.45  p.m.  At  2  UO  p.m.,  max.  pr.  135,  min.  75- 
80.  Pulse-pressure  00 X  pulse-rate  60  =  3600.  Pulse-rute  absolutely  regular,  as 
fihown  in  the  brachial  artery  tracing  taken  at  1.45  p.m.  Digitalis  was  nonr 
discontinued. 

Fet).  2.  (Kdemagone,  SoftsystolictmimuirKtill  jvresenf  ata[jex.  Pulse-rate  72,  abso- 
lutely regular,  responding  to  all  impulses  from  the  auricle.    It  never  a^ain  became  irregular. 

Feb.  11.  Feelfl  quite  strong.  Up  and  about.  Heart  baa  been  regular  and  all  mur- 
murs gone. 

March  2.  Has  had  slight  swelling  of  feet.  Waa  again  put  to  ived.  The  swelling 
disappeared  within  24  hours. 

In  a  few  days  the  patient  was  ajtain  up  and  about,  and  in  a  week  or  ten  days  later  was 
allowed  to  continue  his  work  in  the  pantry.  Was  discliarged  apparently  cured  about 
ilay  15. 

DIAGNOSIS. 

As  has  been  seen,  the  diagnosis  of  acute  myocarditis  in  many  cases  is 
made  more  by  inference  than  by  liefinite  signs.  The  presence  of  symptoms 
of  cardiac  weakness  in  an  infectious  disease,  out  of  proportion  to  the 
severity  of  the  latter  or  to  the  apparent  severity  of  the  endocardial  lesion, 
is  presumptive  evidence  of  .severe  myocardial  involvement.  The  .sy niptom- 
complex  of  restlessness  or  marked  dutnesa,  constriction  ov^r  the  chest,  and 
precordial  pain,  vomiting,  cyanosis,  and  increase  in  the  urea  of  cardiac 
dulness,  during  or  after  an  attack  of  an  infectious  disease  or  of  delirium 
tremens,  ia  practically  pathognomonic.  The  presence  of  a  systolic  murmur 
at  the  apex  and  over  the  body  of  the  heart,  which  may  even  be  transmitted 
to  the  axilla  but  which  disappears  during  convalescence,  added  to  the  other 
symptoms  above  mentioned,  would  indicate  myocarditis  rather  than  endo- 
carditis. It  must  be  borne  in  mind,  moreover,  that  the  presence  of  true 
endocarditis  or  pericarditis  is  evidence  in  favor  rather  than  ap:ain.sit  the 
presence  of  an  additional  myocarditis,  and  that  in  the  acut*'  form  the  symp- 
toms are  quite  as  liable  to  be  due  to  the  intsufhciency  of  the  muscle  as  to 
the  valves.  On  the  other  hand,  just  as  a  most  acute  nephritis  may  be  pres- 
ent without  the  presence  of  albumin  or  casts  in  the  urine,  so  acute  myo- 
cardial changes  may  be  present  without  definite  signs  of  cardiac  weakness 
other  than  a  tendency  to  fatigue.  In  view  of  the  olxservations  of  de  la 
Camp,  Moritz,  Dietlen,  and  Hornung,  myocardial  changes  may  be  diag- 
nosed in  cases  in  which  the  heart  undergoes  transitory  dilatation  (with 
or  without  transitory  valvular  insufTiciendes)  upon  comparatively  slight 
exertion.  The  cardiac  area  under  such  conditions  must  be  most  carefully 
outlined,  if  possible  with  the  orthodiagraph.  In  the  absence  of  the  latter 
careful  percussion  may  often  sulhce.  The  changes  must  be  1  cm.  or  more 
before  they  should  be  considered  as  definite. 


TREATMENT. 


The  management  of  a  case  of  acute  myocarditis  differs  essentially  from 
that  of  the  chronic  form,  owing  to  the  fact  that  in  the  former  the  changes 
in  the  muscle  may  be  of  a  temporary  character,  while  in  the  latter  the 
changes  are  permanent.  Accordingly,  in  the  acute  form  the  aim 
is    to   allow   the   muscle   to   return  to  its  normal   state. 
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while  in  the  chronic  forni  this  cannot  be  hoped  for, 
and  the  treatment  in  directed  toward  obtiuniog  the  best  functional  result 
possible  in  the  changed  muscle  that  is  left.  The  one  aims  at  bringing 
about  subsidence^  the  other  at  inducing  hypertrophy. 

Aecortlingly,  even  in  the  mildest  form  of  acute  myocarditis  rest  is  all- 
important — complete  rest  in  bed  until  the  degenerative 
changes  in  the  muscle  have  subsided.  This  is  especially 
iniportant,  since  cardiac  overstrain  sets  in  very  easily  in  such  hearts,  and 
it  is  probable  that  this,  in  even  the  slightest  degree,  increases  the  injury 
to  the  muscle-fibres  as  well  as  the  extent  of  the  interstitial  a?dema  and 
infiltration.  The  patient  should  be  kept  in  bed  at  least  two  weeks  after 
any  indications  of  myocardial  weakness  have  subsided,  and  if  possible 
until  the  pulse-rate  has  again  become  slow.  An  easily  digestible  diet  equiva- 
lent to  about  1000-1500  calories  should  be  enforced  (seepage  235),  frequent 
feeding  of  small  quantities  being  resorted  to  in  the  place  of  three  compara- 
tively large  meals. 

An  ice-bag  should  frequently  lie  applied  to  the  precordium,  since  it 
tends  to  slow  the  heart-rate.  Some  writers,  especially  Caton,  strongly 
favor  the  application  of  small  blisters  to  the  precordium  and  the  administra- 
tion of  small  doses  (0.3  Gm.  or  5  gr.)  of  potaswium  iodide,  but  it  is  extremely 
doubtful  whether  this  has  any  effect  upon  the  course  of  the  disease. 

If  anEcmia  arises,  iron  should  be  ontered  in  some  form,  usually  as 
Blaud's  pdls, — ferri  carbonas  eaceharatus  (0.25  Gm.,  4  gr.), — or  Vallet's 
mass  (same  as  Blaud's  pills  with  honey  instead  of  sugar  but  more  perma- 
nent), or  elixir  ferri,  quinintnet  strychnina^  phosphatum  {4  c.c.  1  fluidrachni). 
If  constipation  or  other  digestive  disturbances  result,  htematin  or  some 
other  "organic"  iron  preparation,  that  is,  where  the  iron  is  combined  with 
proteid.  The  patient's  bowels  should  be  kept  freely  moving  without  effort, 
best  by  means  of  Rochelle  salts,  sodium  phosphate,  Epsom  salts,  or  Seidlitz 
powders.  The  effervescent  citrate  of  magnesia  usually  causes  greater 
abdominal  distention  than  is  desirable,  owing  to  the  upward  displacement 
of  the  diaphragm. 

Hypersensibility  to  Digitalis.  —  The  usefulness  of  digitalis  in  acut« 
myocarditis  is  a  debatable  question.  Digitalis  acts  as  a  spur  to  the  heart 
and  raises  the  strength  of  the  contraction  until  it  enables  the  fibres  to  dra%v 
on  their  reserve  force  at  each  contraction,  but  it  does  not  raise  the  limit 
strength.  When  that  limit  is  already  approached  it  spurs  them  too  far, 
and  drives  them  to  overstrain  and  even  to  death. 

Whether,  in  any  intlividual  case,  digitalis  will  do  good  or  harm  will 
depenrl,  therefore,  upon  the  degree  to  which  degenerative  changes  have 
progres.sed  and  the  amount  of  reserve  force  that  is  left.  Thus,  in  the  case 
of  B.  C.  S.,  the  myocardial  degeneration  was  slight  and  the  beneficial  action 
of  digitalis  was  marked.  With  A,  J.,  however,  the  case  was  different. 
Degeneration  had  reached  too  advanced  a  stage  and  the  drug  wiis  useless, 
perhaps  even  harmful. 

Even  the  heart  of  B.  C.  S.,  however,  manifested  the  abnormal  suscepti- 
bility of  such  hearts  to  digitalis,  since  it  produced  partial  block  and  extra- 
eystoles  with  doses  which  barely  sufhced  to  slow  the  heart  of  the  average 
patient. 
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Moreover,  in  acute  myocarditis  the  heart  is  hypersensitive  to  digitalis. 
For  example,  in  the  cane  of  B.  C.  S.,  a  normal  dose  produced  an  abnormally 
inten.s<^  reaction  with  signs  of  the  first  stage  of  digitalis  poisoning — partial 
heart-block  and  extrasy stoles.  Fortunately  in  this  case  the  good  effects 
outweighed  the  bad,  but  it  belonged  to  the  group  of  cases  which  prove  con- 
clusively that  in  acute  myocarditis  digitalis  should  always  Ije  given  in 
smaller  doses  than  would  be  used  for  a  heart  with  a  valvular  lesion  which 
showed  the  same  degree  of  heart  failure. 

Strychnine.^- As  regards  strychnine,  both  its  beneficial  and  its  harmful 
effects  are  less  marked  than  those  of  tiigitalis.  It  is  therefore  leas  liable  to 
overstep  the  limit  of  tolerance.  In  ordinary  doses  it  tends  to  increase  the 
cardiac  tonicity,  as  well  as  to  stimulate  the  cardiac  nerves,  the  respiratory 
and  vasomotor  centres,  so  that  it  l>ecoraes  a  valuable  drug  in  such  conditions. 

CIIROMC  MYOCARDITIS 

r  A  TH  O  LOCS I  r  A  L   ANA  TO  M  V , 

Pathologically  the  chronic  inflamniatorj'  changes  in  the  myocardium 
may  l>e  tiivided  into  three  groups: 

1.  Cicairiciul  patches  or  scars  arisinK  from  the  healing  of  isolated  a.rem  of  infiatn- 
mat  ion  (ubsceiis  or  focal  irvfilt  rat  ions)  or  from  the  organization  of  arcan  of  infarction. 

2.  Thickening  of  the  septa  that  separate  the  muscle  strands  (interfascicular  niyo- 
fibroBi8.  Dehio)  occurring'  when  the  heart  rnnscle  hyf^erlrophies. 

:i.  Diffuse  defeneration  nf  llie  muscle-lihrca  with  invasion  of  the  fibre  bundles  by 
Btrands  of   connective   tiissue   {cardiosderosis,  Hachard;    interstitial   mijojibrosig,   Dehio). 


Fig.  148. — Fpeoimen  nhnwinK  &  eanliaf  Aneurism       Fio.  I4d.  —  Chronic  myoairditw  tcmrdioMlcrcMda). 
covered  with  pericanlial  udheMionH. 


Cardiac  Cicatrices. — The  areas  of  cardiac  cicatrices  are  quite  common 
in  coronarj'  sclerosis,  in  which  they  represent  the  site  of  healed  infarcts 
in  the  area  supplied  by  the  affected  artery.  The  fibrous  tissue  composing 
the  scar,  relatively  poor  in  elastic  fibres,  is  weaker  than  the  rest  of  the 
heart  wall,  presenting  the  condition  termed  by  Ziegler  myomalacia  cordis, 
and  it  may  bulge  out  to  form  an  aneurism  of  the  heart  (Fig.  148). 
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Spontaneous  rupture  occurs  in  such  areas,  and  death  occurs  from  hemor- 
rhage into  the  pericardium,  though,  according  to  Hamilton,  this  is  not  as 
frequent  a  cause  of  spontaneous  rupture  as  is  fatty  degeneration. 

On  the  other  hand,  the  smaller  areas  of  cicatrization  may  represent 
complete  obliteration. 

Interfascicular  Connective-tissue  Proliferation.  —  Interfascicular  myo- 
fibrosis or  hyperplasia  of  the  septa  between  the  bundles  is  to  be  regarded 
as  a  concomitant  of  cardiac  hypertrophy,  and  represents  a  strengthening 
rather  than  a  weakening  of  the  heart. 


Flo.  IfiO. —  Spedmeaii  showing  chronic  myooartlitia.  fPholomicroicraphs  by  I>r.  Chas.  S.  Bond.) 
A.  Intrafaaeicutar  m.voHbrosifi,  penetratiuR  into  the  bundle  of  rnuxrle-fibrcn.  HypprLmpby  of  )>ome  fibres; 
atrophy  of  otbera.  B.  Coarw  atrand.^  of  roaneclive  iiiuue  penetrating  between  ti»e  bumlleH  of  niufurle- 
fibrea  (iaterfaecioular  myofibroeie). 

Cardiosclerosis. — The  most  important  farm  of  lesion  in  chronic  myo- 
carditis is  the  interstitial  myofibrosis  or  cardiosclerosis.  This 
form  is  met  with  in  senile  hearts  and  in  most  cases  of  chronic  heart  failure. 
According  to  Dehio,  it  occurs  only  in  those  hearts  which  have  l>cen  svib- 
ject^d  to  long-continued  tlilatation,  freijuenlly  in  hearts  in  which  hy()t>r- 
trophy  has  preceded  the  dihitation.  The  heart  muscle  is  O'dematoiis. 
The  fibres  are  found  in  all  stages  of  change — normal  fibres,  large  healthy 
hyjK'rtrophic  fibres,  large  vacuolated  degenerating  fibres,  and  small  ones 
in  the  various  stages  of  atrophy — in  a  single  niicrOvScopic  fielil.  Many  of 
them  are  undergoing  fatty  degeneration.  In  response  to  the  well-known 
biological  law  that  wherever  the  parenchyma  of  an  organ  is  gradimlly 
<lestroyed  hyperplasia  of  the  interstitial  tissue  takes  its  place  (Weigert, 
Dehio),  fine  strands  of  connective  tissue  are  seen  everywhere  winding 
their  way  between  the  muscle-fibres  and  gradually  taking  their  places. 


RELATION  OP  SITE  OF  MYOCARDIAL  LESION  AND  DISTURBANCE  OF  FUNCTION. 

Lesions  in  the  Ventricles. — Attempts  have  Ijeen  ma<le  by  numerous 
investigators  to  demonstrate  a  definite  connection  between  the  exact  site 
of  the  myocardial  lesions  and  the  disturbance  of  function  met  with. 
Krchl,  who  under  Ludwig's  inspiration  was  the  pioneer  in  this  fieUU  itiau.- 
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giirated  the  method  of  studying  sections  from  every  part  of  the  heart,  and 
found  that  the  papillary  muscles  and  the  musculature  about  the  mitral 
ring  were  affected  with  great  frequency;  but  he  wils  unable  to  establish  more 
definite  relations.  Albrecht's  attempt  to  do  this  for  the  various  muscle 
layers  tliscover'ed  by  Krehl  and  J.  B.  MacCallum  has 
called  forth  a  vigorous  contradiction  from  Aschoff 
and  Tawara,  who  have  made  a  most  careful  study 
of  150  pathological  hearts  by  Krehl's  method. 

On  the  other  hand,  Iliw,  Erhinger,  Stengel, 
Schmoll,  anfl  a  host  (jf  others  have  demonstrated  that 
lesions  in  the  auriculovcntricular  bundle  give  rise  to 
heart-block,  while  Aschoff,  Tawara,  Saigo,  Barker, 
and  Hiraehfelder  have  shown  that  lesions  affecting 
one  branch  of  this  bundle  do  not  affect  the  contrac- 
tion of  either  ventricle.  Very  recently,  however,  H.  E. 
Bering  ha^  revivetl  interest  in  these  questions  by 
showing  upon  the  excised  heart  that  if  the  strand  of 
Purkinjc  fibi^s  (conduction  system)  to  one  papillary 
muscle  is  cut  tjr  injured,  tliat  papillary  ceases  to  con- 
tract, although  the  rest  of  the  heart  (continues  to  do  so. 
Lesions  in  the  Auricles.— Studies  of  lesions  in 
the  auricles,  though  fewer,  have  been  still  more 
remunerative-  Dehio  and  his  pupil,  Radasewsky, 
detiionst rated  that  in  chronically  dilated  hearts  the 
myocardial  changes  in  the  auricles  were  much  more 
marked  than  those  in  the  ventricles;  and  Schonberg, 
under  D,  Gerhardt's  direction,  has  shown  that  per- 
manent arrhythmia  with  auricular  paralysis  is  asso- 
ciat-ed  with  infdtrations  of  the  intervcnous  area  which  correspond  to  the 
embryonic  sinus,  the  spot  at  which  the  cardiac  impulse  probably  originates. 


Fio.  1*L— Hypertrophy 
of  oorne  muMrle  bundles  itt 
tLe  KurJcle  with  atrophy 
(Irsnnparency)  ofother 
■retui.  (From  a  apecimi^u 
in  the  Amiy  Medical  Mu- 
seum. Wojihiagtau,  D.C.) 


PATHOLOGICAL    PHYBIOLOGY. 

The  chief  physiological  features  of  chronic  myocarditis  are: 

(1)  Chronic  weakness  of  the  heart,  with  temleiicy  to  uniiergo  dilatation  and  ovenatraiQ. 

(2)  Fretjtieticy  uf  extrusystolic  or  absolute  irregularitiej*. 

Compensation  in  Myocarditis, — The  course  and  characteristics  of  myo- 
cardial weakness  have  been  fully  discussed  under  the  pathological  physiol- 
ogy- of  cardiac  ovcrstnun  (page  190).  Indeeii,  tlie  persistence  of  a  [jrimary 
oversti'ain  with  the  concomitant  cedema  of  the  heart  muscle  may  be  an 
important  factor  in  instituting  chronic  myocardial  changes  or  in  rendering 
the  heart  especially  susceptible  to  alcohol,  toxins,  tobacco,  or  other  influ- 
ences that  would  otherwise  not  affect  it.'  The  changes  in  the  myocardium, 
the  lowered  tonicity,  the  persistent  oedema,  the  reduction  in  the  number  of 
efficiently  contracting  muscle-fibres,  all  tend  to  lower  the  threshold  of  exertion 
at  which  overstrain  is  ushered  in.  Whether  the  overstrain  manifests  itself  as 
a  broken  pulmonary  or  a  broken  systemic  compensation,  or  as  both  together, 

1  R.  H.  Babcock  (J.  Am.  M.  Ass.,  1909,  lU,  1904)  has  found  thiii  chronic  cholecyatitia 
prcdiepoeea  to  myocardial  maufficicncy. 


^m      depends  opon  the  relative  and  absolute  strength  of  the  two  ventricles  as  well 
H       as  the  nnturc  of  tlie  exertion. 

^1              Blood^pressure. — The  occurrence  of  such  overstrain  is,  however,  quite 
H       consistent  with  the  maintenance  of  a  normal  or,  especially,  a  high  blood- 
H      pressure.    This  high  blood-pressure,  strange  to  say ,  is  in  itself  the  result  of  the 
H       chronic  cardiac  insufficiency  and  the  slowing  of  the  circulation.     With  the 
^B      slowing  of  the  circulation  there  comes    asphyxia    of    the    metlul- 
H       lary   centres,  which  stimulates  them  and  brings  on  an  intense  vaso- 
H      constriction.     The  vasoconstriction  narrows  the  arterial  bed  so  much  the 
H      arterial  pressure  must  be  raised  until  the  blood  fiows  through  the  medullary 
H       centres  at  the  proper  rate.    The  weakened  heart  must  thus  rise  to  the  occa- 
H      sion  and  sacrifice  itself  to  save  the  medullary  centres.    The  more  it  fails  the 
H       more  work  these  inexorable  centres  demand  from  it,  the  more  they  throttle 

V  the  arteries  in  their  struggle  to  get  blood  from  the  flagging  heart.    The  more 
B      the  arteries  are  ttirottlr-d  the  greater  the  constriction,  the  smaller  the  arterial 
^B      bed,  anci  the  less  the  systolic  output  necessary  to  overfill  the  arteries,  the 

V  greater  the  force  necessary  to  drive  it.    The  heart  may  therefore  empty  itself 
^&       in'comijletely  but  at  high  pressure  against  this  high  peripheral  resistance, 
H      while  the  increase  in  residual  blood  within  the  ventricles  leatls  to  dilatation 
H      and  stasis.    This  condition  of  stasis  with  high  pressure,  both  resulting  from 
H      chronic     cardiac    weakness,  is    usually    termed  "high   pressure 
^1      stasis"  (Hochdruckstauung),   Itsfactorsactually  constituted  vicious  circle: 

^K                                                                 Canlioc  weakening 

^^^^^^^K                    Increased  cardiac  eGTort                Slowed  ctrciilation 
^^^^^^^H                       High  blood -preasu re                    through  medulla 

^^^^^^^B                                                   Vasoconstriction 
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^^B        Fid.  152. —  Curve  of  hlood-preraure  in  a  case  o 
^^B                                                uKtiiiK  until  shorUy  b 

^M            This  accounts  for  the  fact  th 
H      t  i  o  n    may    raise,    digits 
^B     and,  on  the  other  hand,  the  blood 
^m      approaches  (Fig.  152). 
^B             Arrhythmia. — In  many  cases 
^m      m  both  force  and  rhythm,  especia 

f  chronic  myocairlitia,  nhowinK  the  hjgh  blood-preuure  j>er- 
Bfore  death.    (UiKh-prenure  ataaiit.) 

at  under  such  circumstances  venesec- 
i  I  i  B    may    lower    the   blood-pressure, 
-pressure  may  rise  rather  than  fall  as  death 

of  chronic  myocarditis  the  heart  is  irregular 
lly  in  the  later  stages. 
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The  chief  types  of  arrhythmia  observed  are: 

(1)  Extrasystoles   of    auricular   or    more    frequently   of    ventricular 

origin. 

(2)  Perpetual  absolute  arrhythmia. 

The  extrasystoles  seem  to  result  from  the  overloading  of  the 
chambers  in  which  they  arise;  the  perpetual  arrhythmia  both 
from  the  overloading  of  the  auricle  and  the  presence  of  chronic  myocardial 
changes  in  the  muscle  strands  of  tho  intervenous  area  (embryonic  sinus 
reuniens).  (The  mechanism  and  significance  and  diagnosis  of  these  ar- 
rhythmias have  been  discussed  on  page  107),  This  irregularity  in  itself 
also  exerts  an  unfavorable  action  upon  the  circulation.  When  the  site  at 
which  the  impulse  arises  is  diseased,  it  may  be  impossible  for  this  area  to 
generate  cardiac  impulses  in  rapid  succession,  and  hence  the  pulse  and  the 
circulation  may  remain  alow  in  spite  of  the  needs  of  the  body  for  increased 
aeration. 

SYMPTOMS    AXD    SIGNS. 

From  the  above  cited  cases  it  will  be  seen  that  the  symptoms  of  chronic 
myocarditis  are  usually  those  of  gradually  developing  cardiac  weakness, 
progressively  increasing  weakness  and  dyspncea,  at  first  on  exertion,  later 
when  at  rest,  and  finally  reaching  the  stage  of  orthopncea.  Palpitation  is 
a  frequent  symptom;  sometimes  there  is  precordial  pain,  usually  behind 
the  sternum,  associated  with  sudden  dilatation  of  the  heart.  Swelling  of 
the  abdomen  and  often  pain  in  the  right  hypochondrium  are  associated 
with  the  stretching  of  the  capsule  of  tlie  liver  as  the  latter  enlarges. 
(Edema  ascending  from  the  feet  and  legs,  diminution  in  the  amount  of 
urine,  at  first  during  the  day,  .with  frequent  and  increased  micturition  at 
night,  and  later  marked  diminution  in  total  urine  secretion  mark  the  later 
stages  of  broken  systemic  compensation. 

Physical  signs  are:  cyanosis;  dilatation  of  the  venules,  especially 
over  the  face;  general  engorgement  of  the  larger  veins,  often 
with  disappearance  of  the  "double'"  venous  pulse,  and  either  total  absence 
of  the  pulsation  in  the  jugular  veins  or  appearance  of  a  "single"  venous 
pulse ;  often  irregularity  of  the  arterial  pulse,  usually  with  presence  of  marked 
aileriosclerosis;  increase  in  area  of  cardiac  dulness  to  right  or  felt;  occasion- 
ally a  catarrhal  jaundice  is  a  marked  sign  of  the  hepatic  engorgement. 

The  blood  count  often  shows  polycythaemia  and  high  hamioglobin, 
without  change  in  leucocytes.  Blood-pressure  may  or  may  not  be  elevated; 
but  in  most  cases  it  is  not  decreased.  Pulse  tracings  from  the  radial  and 
carotid  arteries  and  jugular  veins  often  show  persistent  absolute  arrhyth- 
mia, with  paralysis  of  the  auricles,  with  absence  of  signs  of  organic  valvular 
lesion.  There  may  be  a  more  or  less  transitory  soft  systolic  murmur 
present  at  apex  due  to  functional  mitral  insufficiency,  but  this  is  rarely 
transmitted  to  the  axilla  and  often  passes  of!  during  treatment.  The  same 
applies  to  the  systolic  murmur,  which  may  be  loudest  over  the  tricuspid 
area.  There  is  usually  absence  of  diastolic  muromrs  except  in  cases  in 
which  functional  pulmonary  or  aortic  insufficiencies  are  suspected. 

A  mild  bronchitis  with  rales  and  some  cedema  is  common,  espe- 
cially at  right  base.     Enlargement  of  the  liver,  with  either  systolic  impulse 
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(tricuspid  ioaufficiency)  or  systolic  retraction  (tumultuous  action  of  the 
right  ventricle),  occurs  in  the  later  stages. 

The  urinary  findings,  cardiac  symptoms,  and  clinical  course  in  such 
cases  may  be  very  similar  to  those  of  cases  which  are  primarily  renai  in  origin. 


Cask  of  Chbonic  Myocabditis. 

George  G.,  a  laborer,  aged  56,  was  admitted  to  Prof.  J.  O.  Hirschfelder's  wards  of 
the  City  and  County  Hospital,  San  Francisco,  on  April  21,  1905,  complaining  of 
asthma.  His  father  luul  died  of  dropey.  The  patient  had  had  rheumatism  in  1SH7 
and  1895,  and  has  hatl  to  pass  water  during  the  niglit  for  some  years. 

Except  for  occasional  ahortnesa  of  breatli  he  was  well  until  two  weeks  before  admis- 
sion,  lln  has  had  shortness  of  breath  for  the  past  two  yeans;  weakness  and  cedema  of  the 
feet  for  the  past  two  weeks. 

Physical  Examlvation.  —  Patient  is  a  fairly  nourished  man  ;  face  flushed  and 
venules  dilated.  No  marked  respiratory  distress.  Head  is  of  peculiar  shape.  Pupils  equal 
and  react  to  light  and  accommodation.  No  jaundice.  Dcfmite  congenital  external  stra- 
bismus of  right  eye.  Eyes  move  well  in  uU  directions.  Tongue  coated.  Throat  clear j 
tonsils  not  enlarged;  no  tracheal  tug.  No  enlargement  of  lymph-giands.  Thorax 
barrel-shaf>e«l.  Vocal  fremitus  efjual  except  below  level  of  tenth  dorsal  vertebra  on  right 
side,  where  it  is  incrtnuied.  Percu.4sion  note  everywhere  cJcar  except  over  this  area,  where 
breath  sounds  are  distant  and  a  few  nVles  arc  heard.  A  few  moist  riles  are  also  heard  over 
the  apices.  Heart, — Diffuse  but  feeble  impulses  in  sixth  left  interspace  15 
cm.  from  midline,  from  which  (>oint  cardiac  duhiess  ext^mia  above  to  the  upper 
border  of  the  third  rib  and  6  cm.  to  the  right  of  the  midline  in  the  fourth  interspace.  Heart 
HoundH  fe<^ljle  afid  ftccompanieil  by  a  soft  systolic  murmur,  Neil  her  sound 
at  base  specially  accentuated.  Pulse  very  feeble,  rapid,  and  irregular.  There  is  no  auricu- 
lar wave  uptm  the  tracing  of  the  venous  pul.se,  ami  the  arrh>'t.hmia  i.s  devoid  of  any 
regularity  in  sequence.    Radial  arteries  are  very  sclcmtic.    No  (edema  of  feet  or  legs. 

Patient  has  (some  coughf  raising  mucopurulent  sputum,  with  large  numbers  of  strepto- 
cocci but  no  influenza  or  tubercle  baciUi.  Urine  negative;  sp.  gr.  1010;  no  albumen, 
casts,  or  sugar. 

Ordere<i:  Soft  diet.  Pil.  cathart.  co.,  il,  q.  n.;  sol.  magnesii  sulphatis  sat.,  30  c.c. 
(.|i)  q-  A.M.;  fluidextract  digitalis,  0.3  c.c.  (n^v)  q.  4  h.;  spir.  glycerylis  nitratis,  q.  ^  h,, 
commencing  with  1  gtt.  and  increasing  1  gtt.  at  each  third  dose  until  patient  feels  throb- 
bing of  the  head  or  flushing  of  face,  after  which  next  dose  is  to  be  omiHe<l,  and  NMl>se<|uent 
doses  of  1  gtt.  less  than  the  last  are  to  be  then  given.  Morphin.  sulph.,  0.O08  Gm.  (j  gr.) 
p.  r.  n.  (for  extreme  dyspnoea). 

April  25,  7M)  p.m.  No  change  in  condition.  No  urgent  dyspncea.  Hiemoglobin 
110  [wr  cent.  (Dare).  Cyanosis  still  marked.  No  auricular  wave  in  venous  puUe.  Heart's 
action  still  weak  and  irregular. 

11(10  c.c.  of  blood  were  then  removed  from  right  arm,  after  which 
haemoglobin  fell  to  65  per  cent.  The  right  border  of  cardiac  duhiess  retreated 
1  cm.  toward  midline;  up[>er  border  receded  .5  cm.;  left  border  unchange<l.  No  change 
in  cardiac  sound.''  nor  in  pulse  tracing.  No  auricular  wave  in  venous  tracing.  B  I  o  o  tl  - 
pressure:  before  vcncHection,  7.00  p.m.,  maximal  107,  minimal 
.8  7,  pulse-pressure  20,  puLse-rate  116,  pulse-pressure  X  pulse-rate -2320;  after  vene- 
section 8.:iO  P.M.,  maximal  112,  minimal  92,  p  u  1  s  e  -  p  r  e  «  s  u  r  e  20,  pulse- 
rate  112.  pulse-pressure  X  pulse-rate  =  2240  (see  chart,  page  242).  Cyanosis  has,  however, 
Ijeen  replaced  by  a  healthy  color,  and  patient  feels  decitledly  l>etter.  The  improvement 
in  this  ca.**e  is  due  entirely  to  relief  of  the  ovcr-dislende<l  right  heart,  partly  by  diminution 
of  fluid,  partly  by  diminution  in  the  viscosity  of  the  blood  from  the  removal  of  so  many 
blocK  I  -en  r  puscl  es . 

The  patient  passed  a  comfortable  night  and  for  .several  days  felt  somewhat  better. 
The  course  of  symptoms  and  their  relation,  medication,  and  blood-pressure  changes  are 
shown  in  the  chart  (Fig.  131).  He  was  bled  (350  c.c.)  again  on  May  14,  with 
considerable  bene6t.  and  Irom  that  time  hiis  condition  steadiiy  improved. 
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PARALLELISM    BETWEEN    MANIFESTATIONS    OF    PRIMARY    MYOCARDITIS    AND 

PRIMARY    NEPHRITIS. 

The  cases  of  chronic  myocarditis  with  arterioselerosis  and  secondary 
renal  involvement  often  very  closely  resemble  those  of  primary  renal 
involvement  with  secondary  myocarditis,  since  there  are  both  cardiac  and 
renal  failure  in  both  conditions. 

The  following  absiracta  shoft^  the  close  paralletiam  between  th&  symptoms  and  signs 
of  two  such  cases  which  in  the  early  Ktuges  were  almost  exactly  similar: 


Chronic  myooarditlB  (C.  B,).    (Di&snoais  oo 
limt  ftiituisoion  "chrouicuepbritis  "). 


Illness.. 


Signs.. 


Urine . 


Autopsy.-  • 


Chronic  aephritia  (J.  B.). 


Shortness  of  breath,  palpitation,  cou^h ,   Shortness  of  breath,  orthopnoea,  swell- 
swelling  of  abdomen  and  legs.  Voids        ing  of  legs, 
during  night. 


Pale  pasty  color.  Moist  rales  in  chest. 
Heart  dilated  to  left  (15  cm.);  rapid 
regular  pulse  120;  sclerotic  radials. 
Maximal  hloud-pi-cssiire.  IISO  mm. 
Hg,  Later,  two  attacks  of  angina 
pectoris,  with  death  iu  the  second. 


Varying  from  20(10-  r^Oflfl  c.c.  [kv  day, 
witli  Bp.  gr.  l(M>7,  trace  of  allmmen 
and  a  few  hyaline  casts,  to  less  than 
171)0  ex.,  with  sp.  gr.  1020,  large 
amount  of  albumen,  and  numt-roua 
hyaline  casts. 

Heart  hypertrophieil  650  Gm.,  auri- 
cles dilated;  intense  cardiosclerosis, 
with  some  liypertrophy.  Bolb  coro- 
nary arteries  difWJised,  left  descend- 
ing branch  almost  obliterated. 

K  i  d  n  e  y  a  large,  purple,  with  a  few 
depressed  scars  and  retention  cysts; 
cortex  thicker  than  normal;  no  in- 
crease in  interstitial  tissue;  no 
marked  nephritic  changes. 

Adrenals  — fa  t  ty  de^e  n  i'  r  at  I  o  n  of 
cortical  ceils;   no  hypertrophy. 


Pale  pasty  color.  Moist  ra'iles  in  chest. 
Heart  diluted  to  left  (14  cm.)  and 
right  (5  cm.).  Pulse  rapid  and 
regular.  Maximal  bloo<l-i>ressure 
200  nun.  Hg;  later  ninged  from 
130  to  170  mm.  H;r,  Fundi  ocnlr^- 
runi  nomial.  Later,  Cheyne-v'^lokes 
breathing.  Delirium;  headache;  du!- 
ness. 

Urine  varied  fmm  4^()0  c.c,  with  sp. 
gr.  10'J2,  2.5  (im.  albumen  per  litre, 
and  numerous  hyaline  and  gmnular 
casts,  to  2500  c.c.  sp.  gr.  1<X)7,  trace 
of  albumen,  and  few  casts. 


Heart  dilat^nl  .350  Gm.;  jmle  pink 
walls,  with  slight  fibrosis.  Coronary 
arteries  sclerotic. 


K  i  i\  n  e  y  s  small,  scarred,  cortex  thin; 
extensive  epithelial  degeneration 
with  corresponding  pruliferalion  of 
connective  tissue.  Many  glomenili 
have  undergone  fibrosis. 


It  may  be  almcjwt  impossible  to  establish  differential  diagnosis  between 
two  such  cases  early  in  the  disea.se.  The  course  of  the  two  cases,  however, 
showed  clearly  the  divergence,  the  one  toward  the  type  of  coronary  sclerosis, 
dilated  heart,  precordial  pain,  paroxysmal  dyspncca,  the  other  toward 
the  uriemic,  with  progressive  iliitnes;^,  oliguria,  -\lbiimiouric  retinitis  did 
not  develop  in  the  case  cited,  or  the  diagnosis  might  have  been  simplified. 

Phenolsulphonphthaiein  and  Catalase  Tests, — Geraghty  and  Rowntree 
(J.  Am.  M.  Ass.,  1911,  Ivii,  811)  have  shown  that  in  many  cafies  the  diagno- 
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BIS  can  be  made  by  injecting  6  rag.  phenolsulphonphthalein  subcutaneously 
ami  estimating  colorimctrically  the  amount  excreted  in  the  urine  in  two  hours. 
In  nephritis  this  may  be  reduced  to  a  mere  trace,  but  in  heart  disease  about 
50  per  cent,  is  excreted  in  all  but  the  most  severe  cases  of  broken  compen.sa- 
tion.  In  these  it  may  fall  to  about  fifteen  per  cent.,  but  rises  rapidly  as  the 
patient  improves.  In  these  severe  cases  in  which  dia|0!:nosis  with  plienol- 
suiphonphthalein  would  be  doul>tful,  Winternitz  ha«  found  that  the  catalaae 
of  the  blood  remains  normal  in  myocarditis^  but  is  reduced  in  nephritis. 

DIAGNOSIS. 

In  making  the  diagnosis  it  is  most  important  to  differentiate  chronic 
myocarditis  from  the  following  condition.s:  (1)  organic  valvular  heart 
lesion.s,  (2)  obesity,  (3)  primary  cardiac  overstrain,  (4)  primary  chronic 
nephritis,  (5)  chronic  polycytha?mia  (erj^thrscmia)  with  enlarged  spleen,  (6) 
neurasthenia  and  psychasthenia,  (7)  chronic  nephritis. 

h\  cases  of  chronic  myocarditis  it  may  be  extremely  difficult  to  exclude  an 
organic  valvular  disease.  Tliis  is  especially  true  of  luitral  inRulIiciency,  for 
there  is  fre<iuently  a  fiuictional  mitral  insufficiency  present  with  systolic  inunnur  and 
horizontal  ililatation  of  the  heart  to  the  left.  While  it  is  true  thut  the  nuirmur  of  a  func- 
tional tiiitriil  iii.sufficieiicy  is  rarely  jvs  rougli  as  fln.^iie  i)f  orgariic  origin  may  become,  and  is 
as  a  rule  not  as  well  trutismitted  into  the  axilla.  nevertht;leK«  in  individual  caties  these 
differences  may  nol  be  sinking.  Much  more  striking  are  the  changes  in  the  character  of 
the  murmur  as  the  patient 'h  condition  improves.  In  organic  le-^ions  the  murmur  will 
become  louder  as  improvement  Hets  in,  berause  the  heart  hits  become  stronger.  In 
functional  ciu«es,  though  il  may  become  louder  at  first,  it  will  vary  greatly  in  character 
and  in  intensity,  esi^ecially  if  the  i^atient  is  made  to  exerciae  slightly.  It  may  show  a  ten- 
dency to  disaptx^ar  altogether  during  recover>'. 

The  presence  of  a  large,  slow,  heaving  apex  beat  with  slow  puLse  and  systolic  mur- 
ur  as  well  as*  a  large  slow  pidse  speakw  in  favor  of  organic  mitral  insufficiency  (marked 
lypertrophy  of  the  left  ventricle),  tlmugh  a  functional  papillary  insufficiency  might  per- 
Bisit  from  localized  myocarditis  of  one  of  the  papillary  muscles  in  spite  of  the  liypertrophy. 

From  other  valvular  di a e a s e b  the  diagnosis  is  comparatively  easy.  In 
occiLsional  cases  the  beat  of  the  auricle  becomes  audible,  stiggesting  the  presy.stolic  rumble 
of  mitral  stenosis  (Sewall);  and  occasionally  blowing  dia.stolic  murmurs  at  the  sternal 
margin  suggest  organic  aortic  or  pulmonic  insuflTciency.  But  such  tlilatation.s  of  the  aortic 
ring  and  eon  us  arterioaua  or  canliopnlmonary  nuinnure  are  rather  rare  and  are  usually 
transitory. 

A  functional  tricuspid  insufficiency  results  bo  constantly  from  weak- 
ening of  the  right  ventricle  that  it  is  a  lesion  to  be  included  under  rather  than  excluded 
from  the  picture  of  chronic  myocarditis. 

Primary  cardiac  overstrain  may  be  exehided  through  the  history,  the 
trouble  in  the  latter  con<lition  coming  on  suddenly  in  a  previously  healthy  indiviiiual 
during  or  immediately  after  a  severe  strain,  wliile  in  chronic  myocarditis  there  is  usually 
a  more  gradual  onset  of  symptoms,  fre(|uently  traceable  to  febrile  disease  or  intoxication. 

Obesity  is  diagnosed  frojn  the  genend  afjjwurance  of  the  patient,  concomitant 
chronic  myociirdift.s  being  excluded  when  the  trouble  seems  to  liear  a  relation  to  too  good 
health  rather  <han  to  disea.se.    However,  myocjirdial  changes  may  be  very  hard  to  rule  out. 

The  differentiation  fmm  chronic  nephritif«  has  l>een  discussed  ai>ove. 

Chronic  p  ol  y  c  y  t  h  a  em  i  a  (erv'thnrmia')  with  enlarged  spleen  may  present 
a  picture  very  similar  to  prinuiry  chronic  myocarflitis,  and  in  the  later  stages  a  consider- 
able grade  of  myocarditis  may  be  present.  The  wize  and  hardness  of  the  spleen,  the  color, 
ami  the  high  bltKxl  count  arc  the  features  upon  which  the  diagnosis  is  made. 

Neurasthenia,  car  iliac  neuroses,  or  pfleudocardiac  visceral  disease. 
must  be  carefully  excluded  (see  page  tJ94).  In  the  former  the  weakness  when  self- 
consciotis  and  the  strength  when  the  rnind  is  distracted  are  totally  disproportionate; 
while  the  myocarditic  ia  reminded  of  his  weakness  by  the  stem  hunger  for  air. 
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AcATeful  Reneml  examination  ahould  always  be  made  to  exclude  cardiac  weakncaa  from 
enteroptosia  and  eimilur  ditiorders  that  may  rcflexly  give  ri»e  to  a  true  cardiac  weakness. 

Tilt;  venous  pulse  helps  Boniewhat,  the  presence  of  a  \i«ible  ''single  venous 
pulse"  of  auricular  fibrillation  or  extrasystoles  auggeating  myocardial  change.  However, 
these  may  not  be  conctuaive.  For  the  past  year  the  writer  has  had  under  observation  a 
young  athlete  with  i>ermanently  irregular  pulse  and  auricular  fibrillation  and  symptoms  of 
plight  cardiac  weakness  on  exertion.  There  are,  however,  no  infectious  diseases  nor  indis- 
cretions to  account  for  the  production  of  a  myoeanlitis,  and,  though  the  writer  inclines 
toward  the  diagnosis  of  the  latter  condition,  it  seems  difficult  in  ao  healthy  a  young  person 
to  exclude  a  neurotic  basi:^. 

TREATMENT. 

The  treatment  of  chronic  myocarditis  in  the  main  nhould  follow  the 
general  scheme  laid  down  in  detail  in  Chapters  I\V  V,  and  VI:  rest  in  bed 
during  the  severer  stages  of  failure,  purgation,  light  diet,  digitalis  or 
strophanthus  in  severe  cases,  graduated  resistance  exercises  and  Nauheim 
baths  during  convalescence,  gradually  increasing  walks  and  moderate  exer- 
cise before  returning  to  every-day  life.  However,  certain  exceptions  must 
be  noted,  espi^-ially  in  the  severer  forms  of  myocarditis.  For  example,  digi- 
talis only  occasionally  corrects  an  i  r  r  e  g  u  I  a  r  i  t  y  which  has  become 
relatively  permanent;  though  it  is  very  useful  in  curing  the  milder  forms  of 
irregularity,  such  as  a  continual  bigeminal  pulse  or  occasional  ventricular 
extrasystoles.  It  is  less,  indeed  rarely,  efficient  in  removing  the  irregularities 
arising  at  the  auricles.  On  the  other  hand,  in  dealing  with  the  advanced 
grades  of  permanent  arrh>^hmia  with  fibrillation  of  the  auricles,  where  there 
is  usually  advanced  myofibrosis  and  only  a  few  of  the  heart  muscle-cells 
have  survived  the  general  atrophy,  it  is  found  that  these  often  respond  well 
to  small  doses  (about  half  the  normal),  whereas  a  normal  dose  may 
give  rise  to  symptoms  of  definite  digitalis  poi- 
soning and  often  htisten  death.  This  is  not  always  to  be  avoided  by  the 
apparently  mild  routine  of  administering  the  drug  in  "  courses,"  since  the 
initial  dose  may  be  Uk*  large  for  the  individual  case.  Each  case  must  be 
considered  for  itself,  with  these  facts  constantly  borne  in  mind.  The  moder- 
ate-sized initial  tlose  or  two  followed  by  prolonged  atlniinistration  of  very 
small  doses,  suggested  by  Frankel  (see  page  258),  seems  to  be  the  safest  and 
surest  method  in  these  cases,  in  order  to  prevent  cumulative  elfectj*. 

The  recent  introtluction  of  single  doses  of  strophanthin  intra- 
venously, which  do(»s  not  increase  peripheral  ri^sistance,  gives  promise 
of  great  results  in  tlie  future,  esjiecially  in  tliis  group  of  cases,  although  its 
use  has  n<rt  yet  become  general  enough  to  warrant  a  verdict. 

As  to  graduated  exercises,  these  are  useful  in  many  cases, 
but  are  distinctly  contraindicated  after  myofibrosis  has  set  in  and  dyspnoea 
persists  while  the  patient  is  at  rest.  Mere  arrhythmia,  even  with  paralysis 
of  the  atria,  does  not  contraindicate  their  use,  but  points  a  warning,  and 
in  many  cases  shows  that  the  practitioner  is  treading  on  dangerous  ground. 
This  applies  also  to  Nauheim  and  other  baths.  Coronary  sclerosis,  on  the 
other  hand,  stenocardia,  and  severe  pains  down  the  arras  furnish  distinct  con- 
traindications to  all  exercises  except  such  as  are  necessary.  Even  those  of 
Schott  must  be  carried  out  with  the  utmost  precaution,  and  the  bending  exer- 

1  W.  Ebstein  (MOnclien.  med.  Wchnsehr.,  1911,  Iviii,  615)  calls  attention  to  the  fact 
that  chronic  constipation  alone  nuiy  bring  on  or  perpetuate  myocardial  insufficiency. 
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cises  may  well  be  eliminated.  The  walks,  etc.,  which  terminate  the  treatment 
must  be  taken  slowly  and  with  the  greatest  precaution  in  avoiding  fatigue. 

For  the  stenocardiac  attacks  and  paroxysmal  dyspnoea  the  greatest 
relief  is  given  by  a  pearl  or  two  ofamyl  nitrite  followed  by  nitro- 
glycerin and  sodium  nitrite.  Indeed,  these  drugs  furnish  a 
good  deal  of  relief  where  the  arteriosclerotic  element  is  prominent. 

When  the  blood-pressure  is  elevated  above  140  mm.  the  salt  in  the 
food  should  be  reduced  as  low  as  possible  (sec  page  2:15}. 

Venesection  may  be  of  the  greatest  vahie  in  tiding  over  periods 
of  acute  dilatation,  as  shown  in  the  case  of  G.  G.,  even  when,  as  in  that  case, 
it  produces  no  change  in  maximal  or  minimal  blood-pressure  or  pulse-rate. 
This  case  also  exemplifies  the  fact  that  the  venesection  may  often  be  of 
great  benefit  before  acute  signs  of  cardiac  overfilling  set  in,  and  then  it  is 
to  be  i-egarded  as  "  a  stitch  in  time/'  the  relief  of  the  over-distention  enabling 
the  heart  to  right  itself.  This  may  be  owing  to  the  fact  that  the  over- 
stretched fibres  are  allowed  to  gain  their  optimum  length,  or,  on  the  other 
hand,  to  the  removal  of  a  large  number  of  red  corpuscles  from  the  circulatory 
system,  thus  decreasing  the  viscosity.  It  is  easier  to  pass  than  to  seize  the 
moment  at  which  a  venesection  would  do  most  good. 

In  this  every  one  some  day  or  other  receives  his  leason.  For  example,  the  writer 
had  a  patient  umler  his  care  in  San  Francisco  who  one  night  ha<J  a  moderate  lieciree  of 
tiyspncea  and  cytmofiis,  though  sicarcely  enough  to  caase  alarm,  and  iinmcdiate  venesec- 
tion was  coiiMidcred.  The  right  heart  was  not  markedly  enlarge^l  and  none  of  the  objec- 
tive sigUB  seeme*J  urgent.  It  was  decided  to  do  the  venesection  the  next  day,  and  the 
patient  w^as  given  fifteen  milligrams  (a  (jiiarter  grain)  of  morphine,  after  which  he  fell 
into  a  qniet  sleep  almost  immediately.  A  couple  of  hours  later  he  became  restless  and 
sank  gradually  within  an  hour.  We  had  let  the  right  moment  for  the  venesection  pass, 
and  had  marked  the  e^inptoms  by  the  morphine. 

Dangers  from  Morphine. — Another  danger  due  to  morphine  liea 
in  the  danger  of  habituation  (see  page  217),  and  the  further  danger  that 
in  order  to  get  it  the  patient  will  simulate  a  paroxysm  of  dyspna?a  and 
actually  make  himself  sick  or  even  endanger  his  life  by  the  effort  entailed 
in  doing  so.  Several  patients  whom  the  writer  has  gradually  broken  of 
their  morphine  habit  confessed  to  having  done  so,  even  though  they  knew 
at  the  time  that  the  simulation  of  dyspncea  made  them  feel  worse, 

THROMBI    IN    THE    CARDIAC    CHAMBERS. 

When  the  circulation  is  slowed,  and  especially  when  one  of  the  cardiac 
chambers  empties  itself  insufficiently,  large  clots  are  liable  to  form  along 
its  wall  (mural  thrombi).  This  occurs  especially  in  those  portions  which 
are  away  from  the  axial  stream,  such  as  the  recesses  between  the  trabecule 
carneiE  and  behind  the  papillary  muscles,  and  also  out  in  the  tip  of  the  auric- 
ular appendages. 

Thrombosis  Mnthin  the  left  auricle  occurs  quite  frequently  in  mitral  stenosis, 
especially  whi>n  the  blood  stagnates  there  during  periods  of  overstrain.  These  thrombi 
if  fresh  (*omctimca  break  loose  to  form  emhoh  {page  219;.  Sometime«  the  clot  loosened 
from  the  auricular  appendix  is  so  large  that  it  cannot  fMiss  through  theauriculoventricxilar 
orifice,  but  plugs  the  latt-er  entirely,  producing  sudden  death.  When  the  clot  remains 
adherent  to  the  wall  for  some  time,  more  or  less  organijiutirnj  goes  on.    Thrombi  which 
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odbere  to  the  wall  by  a  few  strands  of  newly  formed  connective  tissue  are  of  every-iiay 
occurrence,  and  constitute  ihe  classical  sign  for  differentiation  between  intra-viLuui  and 
poi*t-inf>rt^in  thrombi.  la  older  thrombi  the  organization  is  more  connplete,  so  that  a 
tlmjinbus  mass  may  iidhere  to  the  cardiac  wall  by  a  jjedicle  of  fibrous  tis*ue.  It  is  quite 
postsible  that  in  some  ca.scs  these  thrombi  vibrate  to  and  fro  and  cause  extrasystoles  l>y 
Blrikinp:  against  the  walls  of  the  heart,  just  as  occurred  in  Cameron's  air-bubble  experi- 
ment (quoted  on  j>age  116).  In  several  cases  such  masses  have  been  known  to  act  as  a 
b  a  1 1  -  V  a  1  V  e   at  the  mitral  orifice,  giving  rise  to  signs  of  mitral  stenosis. 

The  Bymptoms  and  signs  given  by  such  thrombi  are,  however,  very  obecure.  The 
fact  that  they  usually  arise  during  the  course  of  a  c-iirdiac  failure  adds  to  the  complexity 
of  the  clinical  picture,  and  the  diagnosis  can  rarely  be  made  until  embolism  set*  in. 
In  one  ca«e  of  mitral  stenosis*  recently  seen  by  the  writer,  in  which  the  whole  descending 
abdominal  aorta  was  suddenly  plugged  by  an  emboluH  and  gangrene  of  both  lower  extremi- 
ties set  in,  the  diagna<?ts  of  a  clot  witliin  the  heart  was  warrantable,  Smch  casea  are,  bow- 
ever,  rare,  and  the  diagnosis  is  then  made  after  the  harm  has  been  done. 

TUBERCULOSIS  OF  THE  HEART. 

In  spite  of  the  great  frequency  with  which  tuberculosis  affects  the  lungs,  pleura,  and 
pericanhum,  inde|x?ndent  affection  of  the  myocardium,  entiocardium,  and  valves  is  qviite 
inf refluent.'  Thus  Willigk  found  only  2  cases  of  tubercle  of  the  myocardium  in  1845 
autopsiea  on  persons  with  tuberculosiH.    Other  observerK  confirm  this  view  of  its  rarity. 

Pathologically  the  IpHions  in  tuberculoeia  of  the  myocardium  resemble  those  of  tuber- 
cles elsewhere;  they  are  somewhat  more  common  in  acute  miliary  tuberculosis  than  in 
the  chronic  form,  but  in  the  latter  are  larger  in  size.  The  most  common  cardiac  lesion  of 
tuberculonis  Ib.  however,  neither  miUary  nor  large  sohtary  tubercles,  but  a  fatty  degener- 
ation of  the  myocardium,  due  in  part  to  the  ansmia  and  in  part  to  the  toxins  secreted 
by  the  bacilli. 

The  effect  of  the  tuberculous  lesions  upon  the  circulation  is  usually  masked  by  the 
general  cardiac  weakness  due  to  the  intoxication  and  ana?mia,  and,  fis  v.  Ley<len  states, 
does  not  present  any  characteristic  features.  It  is  almost  imjMJssihIe  to  diagnose  clinically, 
for  the  symptoms  and  signK  are  quite  independent  of  the  tul>ercle.  Often,  as  in  PoUak's 
case,  a  man  of  65  who  had  a  large  tul>ercle  in  the  wall  of  the  auricle,  there  are  no  signs  what- 
ever, even  of  cardiac  weakness.  V.  Tabora  and  Tilp  report  a  case  in  which  a  systolic  mur- 
mur waa  heart!  over  the  ajjex.but  this,  of  course,  presents  Jiothingcharjicteristic  and  might 
well  have  been  due  to  the  accompanying  weakness  of  the  myocardium  or  papillary  muscles. 
Indeed,  a-s  Rnmberg  states,  tuberculosis  of  the  myocardium  interests  the  pathologist  rather 
than  the  clinician. 

SYPHILIS  OF  THE  ^^'OCARDIUM. 

Syphilitic  affection  of  the  heart  is  more  frequent  and  presents  a  somewhat  more 
definite  picture  than  tuberculosis.  The  most  common  form  in  which  sypliilis  affects  the 
heart  is  the  sclerotic  lesion  of  the  aortic  valves  (see  page  451),  though 
in  this  case  the  pathological  process  originates  in  the  aorta  rather  than  in  the  myocardium. 

Grasamann  has  called  attention  to  the  frequency  with  which  signs  uf  severe  cardiac 
weakness  occur  during  the  secondary  stage  of  syphilis,  accidental  or  functional 
systohc  niurmurpi  being  present  in  40  i>er  cent,  of  his  cases.  Dilatation,  especially  of  the 
right  heart,  was  common,  as  well  as  alterations  of  rhythm, — sometimes  arrhythmia, 
sometimes  bradycardia,  sometimes  tachycardia.  Precordial  pain  and  anginal 
attacks  were  frequent.  The  hlorKl-pressure  was  usually  low,  as  was  also  the  ha?moglobin. 
It  is  not  imfKJssible  that  the  major  rckle  in  many  of  these  cardiac  manifestations  is  played 
by  the  antenna  and  the  fever  rather  than  iiy  sfwrochaete  pallida  within  the  heart  muscle; 
but  the  presence  of  tertiary  myocardial  lesions  demonstrates  that  the  latter  play  an  im- 
portant part.  The  diagnosis  is  based  upon  the  above-mentioned  symptoms  arising 
during  the  seconflory  stage.  Treatment  should,  of  course,  lie  vigorfju.s,  nnd  as  a  precau- 
tionary measure  the  patient  !*hould  he  kept  in  bed  until  all  cardiac  weakness  has  passed. 
If  the  symptoms  do  not  rapidly  subside,  a  few  doses  of  digitalis  or  stroplianthuB  may  be 

^  *  Tuberculous  endocarditis  is  discussed  on  page  402, 
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^ven.  Indeed,  a  few  small  dosea  of  one  of  these  ilnugs  may  well  lie  given  to  relieve  promptly 
the  dilatation  and  thus  to  forestall  the  danger  that  may  lurk  in  an  oedematous  heart  muscle 
(see  page  313). 

CartUac  lesionB  are  rather  common  in  congenital  syphilis,  though  this  is 
not  tnie  of  typical  pimimata.  Thus  Mrucek  fouml  myocardial  changes  (acute  myocarditis 
with  patches  of  perivascular  infiltration  of  mononuclear  cells)  present  in  24  out  of  1.S0 
autopsieo  upon  syphilitic  foundlings,  but  giunmata  in  only  4.  The  non-gumniatous 
changes  are  well  ilcscriljtd  by  I.  Adicr  a«  infiltratioruv  of  mononuclear  cell*  about  the 
blood-vessels,  accompanied  by  a  very  early  chronic  endarteritis  and  mesartcritis,  with 
frequent  hemorrhages  into  ami  about  the  vessel  wall.  Wurlhin  (Am.  J.  M.  Sc,  1911, 
cxli,  3B8)  and  others  have  found  thps<'  tissues  loaded  with  spiroc!ia?ta?.  Clinically  hereditary 
lues  of  the  myocardium  probably  rooperaies  with  the  other  syphilitic  lesions  in  bringing 
about  the  death  of  the  child,  but  tht*  imtiurtance  of  it^  rdle  cannot  be  judged,  since  it  la 
rarely  if  ever  the  only  luetic  lesion  present. 

The  tertiary  myocardial  lesions  of  adulU  are  fairly  cummun.  The  lesions 
in  60  cases  collectetl  by  Mracek  showe<i  the  followiuj^  distribution:  gummatous  myocar- 
<iitis,  10;  fibrous  myocarditis,  fl;  gummatous  and  fibrous,  H;  endocarditis,  2;  coronary 
arteries  alone,  'A;  j>ericar<lium  alone,  1;  myocardJvun  and  pericardium,  15;  pericardium, 
myocardium,  and  endocardium,  1;  myocanlium  and  coronary  arteries,  1;  all  parts  of  the 
heart,  6;  cardiac  ganglia,  4. 

Judging  by  the  number  of  cases  of  Adams-Stokes  syndrome  due  to 
lues  (see  p>age  566\  the  intraventricular  septum  seems  to  be  a  rather  frequent  site  for 
the  lesions.  Excepting  such  lesions  as  are  so  situated  thiit  they  give  rise  to  heart-block 
or  to  the  Ailams-v^tokes  syndrome,  the  syphilitic  lesions  of  the  myocardium  rarely  give 
distinct  manifestations.  A  general  myocardial  weakness,  shortness  of  breath,  dilatation 
with  or  without  exertion  in  persona  who  have  had  lues  (especially  with  other  >'isceraJ 
involvement)  is  suggestive  evidence  of  fibrous  luetic  myocanlitia  with  or  without  gumma. 
The  latter  can  rarely  if  ev^r  be  diagnofictl.  Huchard  and  Fiessinger  repiort  a  ca.HC  in  which 
dyspnoea  set  in  suddenly  15  days  before  death,  due  to  the  growth  of  a  gumma  involving 
the  tricuspid  valve,  but  even  in  such  a  case  the  data  are  too  uncertain  to  iiemivt  a  definite 
clinical  diagnosis.  A  positive  WaBsermann  reaction,  which  Collins  and 
Sachs  and  W.  Longco|>e  have  found  bo  useful  in  the  iliagnosis  of  luetic  aortic  insufficiency, 
is  of  less  value  in  the  diagnnsia  of  luetic  myocarditis,  since  the  evidences  of  myocarditis 
are  in  themselves  less  definite.  However,  in  cawcs  of  chronic  myocardial  weakness  in  which 
lues  is  suspected,  the  presence  of  a  jxisitive  Wassermann  reaction  renders  a  vigorous  ad- 
ministration of  mercurial  inunctiotw  or  hypodermic  injection  of  mercurial  salts,  tis  well 
BS  vigoroufl  doeea  of  potassium  iodide,  highly  advisable.  Occasionally  excellent  results 
are  obtained  in  Adams-i^tokea  disease,  but  syphilitic  myocardial  lesions  are  often  very 
stubborn.  Salvarsan  ("tXMi")  has  shown  itself  to  be  so  dangerous  in  cardiovascular  disease 
that  large  doaea  of  it  are  distinctly  contraindicated,  and  the  usefulness  of  doses  sufficiently 
small  to  be  free  from  danger  ia  still  uncertain. 

TUMORS  OF  THE  HEART. 

Primary  tumors  of  the  heart  are  so  rare  that  in  3(MX)  consecutive  autopsies  at  NQm- 
burg  Thorel  did  not  encounter  a  single  one,  and  Hektoen,  who  reported  three  cases  in  1S93, 
states  that  rejKirIa  of  only  110  cases  of  cardiac  tumors  were  to  be  f<iund  in  the  Index  Cata- 
logue of  the  Surgeon-General's  Library,  and  most  of  these  were  secondary. 

Primary  Tumors. — Berthe-son  was  able  to  collect  28  primary  tumors  of  the  following 
tyfxw:  sarcoma  0;  myxoma  7;  fibroma  6;  carciuomu  3;  h[Kima  2;  cystoma  1.  Link 
(1909)  has  recently  collected  the  data  of  91  cases;  f>l  of  these  were  as  follows:  carcinoma 
7;  fibroma  7;  ntyoma  5;  lipoma  S;  Rarcoma  13;  myxoma  18;  rhabdomyoma  1;  tera- 
toma 1;  papilloma  1.  In  a^idition  to  those  Knox  and  Schorer  and  Wolbach  have  collected 
12  cases  of  rhabdomyoma:  fi  of  which  were  associate*!  with  other  malformations,  esiiecially 
cerebral  sclerosis  and  hydrocephalus. 

Hektoen  calls  attention  to  the  fact  that  the  heart,  and  hence  also  its  primary  tumors, 
are  of  mesoblastic  origin;  which  account*  for  the  relative  rarity  of  primary  car- 
cinomata  and  the  preponderance  of  flurcomata.  Thorel  believes  that  many  of  the  fibro- 
mata found  represent  merely  old  organized  thrombi  clinging  to  the  heart  wall,  and  believes 
that  many  of  the  (relatively  frequent)  myxomata  represent  merely  degenerating  forms  ol 
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such  thrombi.  The  lipomata  he  regardi*  merely  as  abnormally  large  pocketo  of  epicardiol 
or  inbramural  fat  rather  than  a&  true  tuiuom. 

Ah  regards  fiite,  Link  found  iti  right  auricle  10;  left  auricle  24;  right  ventricle  14; 
left  ventriiMe  8;  valves  Ifi;  ititeraurirular  septum  2. 

Metastatic  Involvement  of  the  Heart. — Secondary  neoplasms  aJTecting  the  heart  are 
somewhat  more  common,  and  scarcely  any  pathologist  of  experience  has  failed  to  meet 
with  them,  especially  in  cases  with  multiple  metastjisis.  Of  the  metastatic  neoplaams 
carcinomata  are  the  most  frequent.  Tliorel  encouiit«reti  (j  insta,nces  in  his  3000  autopeiee, 
the  primary  sites  being  uterus  2,  rectuin  1,  gall-bladder  1,  kidney  1^  hmg  1, 

tj!ei|x;l  tstateil  that  iji  a  series  of  16  cases  of  carcinotiia  of  the  ow-ophagus  6  gave  metai»- 
taaes  to  the  heart;  but  this  is  an  unusually  high  perccntagCj  and  Thorel  from  hia  experi- 
ence does  not  regard  such  oesophageal  tumors  as  especially  liable  to  cardiac  metastases. 

Clinically  the  prcisence  of  a  tumor  in  the  heart  in  itself  exerts  little  influence,  unless, 
as  in  Luce's  case  of  sarconm,  it  presses  uj^oii  the  auriculoveutricular  bundle  ami  produces 
heart-block,  or  it  is  bo  situated  as  to  ]iroduce  either  stenosis  or  regurgitation  at  a  valvular 
orifice.  The  benign  tumors  exert  little  or  no  effect  ujxjn  the  force  or  rhythm  of  the  heart; 
the  maUgnaiit  tuinorH  give  rise  merely  to  signs  of  cachexia  in  which  the  cardiac  weakness 
seems  incidental  rather  than  primarj'.  In  cases  of  generalized  carcinosis  and  sarcomalosis, 
those  in  which  the  metaslalic  nmiuleB  are  most  common,  the  cachectic  myocardial  weak- 
ness is  still  more  intense  whether  the  tumors  affect  the  heart  or  not.  The  accidental  finding 
of  a  loud  harsh  munuur  suddenly  deveSoping  and  i>rogressing  with  the  metastasis  elsewhere 
ill  the  body  is  very  suggestive;  but  this  is  rarely  encountered. 

In  some  cases  in  which  the  tumors  are  superficial,  pericarditis  may  set  in,  Ef  f  u  - 
B  i  o  n  ,  especially  blood-stained,  is  rather  common  under  these  conditinna 
and  the  signs  of  the  latter  may  be  the  first  and  only  sign  of  the  coadition. 

In  1905  the  writer  aspiratetl  a  pericardial  exudate  which  contained  10  per  cent,  of 
hemoglobin  and  some  metha-moglobin.  The  patient  died  the  next  day.  and  autopsy 
revealed  carcinomatous  masses  in  the  myocardium  wall  and  pericardium,  which  were 
metastaseMi  from  a  very  small  primary  carcinoma  of  the  bronchus  quite  un8usp>ected  during 
life.    The  finding  of  tumor  cells  in  such  an  exudate  would,  of  course,  give  the  diagnosia. 

Turaore  of  the  heart,  even  if  diagnosed,  would,  of  course,  be  inoperable. 
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X. 

ARTERIOSCLEROSIS.^ 

NORMAL   CHANGES  IN   THE   ARTERIES   DURING    LFFE. 

A  certain  degree  of  progressive  change  in  the  walls  of  the  arteries 
occurs  normally  throughout  Ufe,  and  is  therefore  not  to  be  considered 
pathological.  The  condition  of  the  arteries  normal  to  a  man  of  thirty- 
would  be  thoroughly  abnormal  in  a  child,  and  those  norma!  for  a  man  of 
seventy  would  in  turn  be  regarded  as  abnormal  in  a  man  of  forty. 

Thus,  Thayer  and  Fabyan  state  that  "at  birth  the  artery  (radial)  is  delicate, 
translucent,  extremely  thin,  and  collapsing.  The  surface  on  opening  is  perfectly  smooth. 
The  i  n  t  i  m  11  consists  of  u  single  endothelial  layer  lying  directly  on  the  surface  of  a  deeply 
untlulating  elastica  interna.  The  media,  which  consists  of  transversely  arranged  smooth 
muscle-fibres  with  rather  large  vesicular  Buclet,  has  a  depth  of  seven  to  eight  layers  of  cells. 
Connective  tisstic,  if  present  in  the  intiraa  and  media,  is  extremely  scanty,  none  being 
reveale<l  by  the  Mallory  or  Van  Gieson  stains.  There  is,  however,  a  relatively  large  amount 
of  elastic  tissue  which  apf>ears  on  cross  section  a.s  very  thin,  parallel,  slightly  wa\'y  lines. 
The  elastica  externa  is  neither  aa  coarse  nor  as  deeply  undulating  as  the  interna. 

"The  a  d  V  e  n  t  i  t  i  a  ,  considerably  thicker  than  the  metlia,  consists  of  compact  con- 
nective-tissue fibres  with  relatively  large  nuclei.    The  elastic  fibres  are  fairly  numerous. 

"  By  the  middle  of  the  Erst  decade,  the  intiraa  has  become  thicker  owing  to  the  appear- 
ance of  a  fresh  layer  of  elastica  interna,  while  more  muscle-fibres  ap[M;ar  in  the  media. 

"IO-20  years.  Walls  of  the  vessel  Ijecome  thicker  but  still  collapsed.  In  lima 
and  media   thicker,   the  elastic  tissue  being  relatively  less  marked. 

"21-40  years.  Slight  further  genera!  thickening  of  jnlima  and  media.  A  sec- 
ond elastic  layer  appears  in  the  intima.  In  the  me^lia  the  connective  tissue  begins 
to  be  demonstrable  by  Van  Gieson's  stain. 

"41-50  years.  Decided  change.  Lurrjen  of  the  vessel  remains  open.  Areas  of 
calcification  in  the  deep  layers  of  the  intima  are  frequent.  The  media  reaches  ita 
maximum  thickness.    There  is  a  good  deal  of  connective  tissue. 

"After  the  fifth  decade  there  is  a  progressive  increase  in  the  thickness  of  the  intiraa 
....  and  a  diffuse  connective-tissue  thickening  becomes  the  common  type.  .  .  ,  .  The 
media  after  the  fifth  decade  becomes  on  the  whole  rather  thinner;  there  is  a  marked 
increa.se  in  the  connective  tissue. 

"Calcification  in  the  deep  layers  of  the  intima  becomes  more  common  with 
age,  four  out  of  five  cases  in  the  eighth  and  ninth  decade  showing  this  change." 

P.\TH0LOGICAL   ANATOMY. 

Theoretical  Considerations.  —  Pathologically,  arteriosclerosis  is  char- 
acterized by  the  occurrence  of  changes  in  and  thickening  of  the  intima, 
which  was  supposed  by  Rokitansky  to  be  due  to  the  depoaiting  of  cells 
directly  from  the  blood  stream;  by  Virchow  to  be  a  true  inflammatory 
hyperplasia  as  the  result  of  some  "formative  stimulus";  and  by 
Thoma  to  be  a  compensatory  thickening  of  the  wall  in  order  to 
diminish  the  lumen  of  the  vessel  after  the  stretching  which  occurred  under 
the  increased  blood-pressure  with  which  it  was  usually  associated.  Jores,  on 
the  other  hand,  regards  this  as  a   true   hyperplasia   resulting  from 
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the  higli  blood-pressure  but  independent  of  the  lumen  of  the  vessel,  return- 
ing to  a  certain  degree  to  the  view  of  Virchow,  These  observers  con- 
sidered the  changes  in  the  i  u  t  i  ni  a  as  primary,  and 
tended  rather  to  neglect  the  second  important  change  which  characterizes 
arteriosclerosis,  namely  inflammatory  changes  within  the  media. 

On  the  other  hand,  Koster  and  liis  pupils  called  attention  to  the  im- 
portance of  degenerative  and  calcareous  changes  in 
the  media  and  a  d  v  e  n  t  i  t  i  a  as  well  as  in  the  intima.  Kdst-er 
studied  the  inflammatory  process  veiy  carefully  by  means  of  serial  sections 
and  injected  specimens,  and  claimed  that  the  arteriosclerotic  lesion  always 
took  its  origin  in  the  atlventitia  as  an  infiltration  surrounding 
the  vasa  vasorum  like  a  sleeve.  This  infiltration  followed  the 
vasa  vaaorum  into  the  media.  Koster  fountl  that  in  the  normal  artery 
the  vasa  vasorum  do  not  pass  deeper  than  the  outer  third  of  the  media, 
though  in  certain  arteries  (notably  those  of  the  brain  and  the  lungs)  there 
■\va.s  a  fine  capillary  network  penetrating  the  deeper  layers  of  the  media  as 
well  and  spreading  along  the  me<lial  surface  of  the  elastica  interna. 

Changes  in  Vasa  Vasorum. — This  view  is  confirmed  by  v.  Ebncr 
(in  Kolliker's  Handltuch  der  (Jewebelehre),  who  states  that  ''the  media 
of  the  larger  arteries  and  veins,  according  to  the  consensus  of  opinion 
of  many  autliors,  contains  blood-vessels,  though  in  small  numbers  an«l  only 
in  the  external  layers;  whereas  the  inner  layers  of  the  media  and  the  intima 
seem  to  be  always  free  from  vessels  (in  the  ox  the  w^all  of  the  vena  cava  is 
richly  supplied  with  vessels  even  down  to  the  intima). 

The  infiltralioii  about  the  vasa  vasorum  follows  thei$e  paths,  sietting  up  areas  of 
infiltr?Uk)n,  riecrusis..  and  calcification  in  the  sinootii  muscle  luid  ela.Hlic  fibtxrs  of  the  media. 
When  ii  penetrates  to  the  elai^tica  interna  a  small  area  of  thin  is  lirst  injured,  the  iiiilanuna- 
ttun  acta  as  a  stinnthis,  and  hyiHTplH-sia  of  the  intima  sets  in.  The  iiilirna  becntnes  thick- 
ene<l  imtil  lis  cells  undergo  spontaneous  fatty  tlep*nL'ration,  after  which  they  either  calcify 
or  the  capillary  network  |)ene1  rates  thnmgb  the  elastica  interna  and  a  true  proces*;  of  organ- 
ization and  proliferation  of  connective  tts>iue  coe8  on. 

Koflter  adniit.s  that  it  is  possible  that  the  degenerative  and  hyperplastic  chanfEcs  in 
the  intima  may  ^o  on  without  the  entrance  of  hlorHj-vesscLs,  hh  do  those  t*ecn  in  inHamma- 
tions  of  the  cornea;  but,  he  states  that  if  the  Iet*ion!<  are  followed  in  serial  sect  ions  there 
is  almost  always  a  demonstrable  continuity  between  the  patches  of  endarteritis,  niesar- 
teritis,  and  f>eriarteritiii. 

The  number  and  size  of  the  va.sa  vasorum  and  the  richness  of  the  capil- 
lary network  are  always  increased  in  arteriosclerosis  and  in  phlebosclerosis. 
He  states  that  rndarteritis  occurs  only  in  arteries  that  have  va.su  vasorum, 
that  is,  in  the  larger  arteries  and  in  the  smaller  arteries  of  the  brain  and 
the  kings. 

These  observations  have  been  confirmed  by  Marchand,  Ophiils,  Klotz, 
and  a  host  of  other  wTiters,  Heller  and  his  pupils,  Dohie.  Moil  and  Isenberg, 
as  well  as  Marchand  and  Klotz,  have  shown  that  in  syphilitic  disease  of  the 
media  the  strands  of  infiltration  along  the  vasa  vasorum  are  much  thicker 
than  in  arteritis  (medial  arteriosclerosis)  due  to  other  causes.  As  far  ha  the 
media  and  adveniitia  are  concerned,  Koster's  findings  have  Ijecn  confirmed 
by  Ophiils,  whose  careful  stu<ly  constitutes  one  of  the  most  important  and 
clearest  of  the  recent  contributions  to  the  subject.  Ophiils,  however,  was 
unable  to  demoostrat*  any  constant  relation  between  lesions  in  the  media 


and  those  in  the  intima,  and  believes  that  they  are  produced  independently 
though  from  the  same  general  eause.  He  states  that  "  anatomically  arterio- 
selerofciiii  of  the  aorta  ih  a  unit.  It  is  a  chronic*  iuflaninmtory  process  of  the 
vessel  wall  which  attacks  all  the  coats  simultaneously,  which  as  a  rule  first 
produces  changes  in  the  intima  and  adventitia."  He  believes,  therefore,  that, 
as  Koster  suggested,  the  changes  in  the  intima  begin  as  parenchymatous 
changes  without  the  presence  of  blooti-vessels,  like  the  inflammations  within 
the  cornea. 

Calcitication. — In  degenerative  lesions  of  the  intima  and  media,  calcare- 
ous deposition  (atheroma)  is  very  common,  and  is  in  fact  a  phenomenon 
which  is  norma!  for  the  eighth  and  ninth  ilecades  of  life.  These  deposits 
always  occur  in  areas  of  fatty  degeneration;  and  it  was  thought,  especially 
by  the  older  German  investigators,  that  certain  acids  within  t!\e  tissues  acted 
'  SB  lime-catchers  (Kaikfanger),  combining  with  the  calcium  and  precipitating 
It  in  situ. 

It  was  at  first  thought  that  phosphoric  acid  derived  from  autolysis  of 
the  cell  nucleoproteids  might  be  the  main  hme-cati'her,  but  Gideon  Wells 
and  his  collaborators  have  shown  that  when  spleen  or  thymus  which  are  rich 
in  nucleoproteids  are  transplanted  into  another  animal  and  allowed  to  ilegen- 
erate,  no  more  deposition  of  lime  occurs  than  in  tlie  degeneration  of  other 
tissues.  It  has  also  been  assumed  that  the  calcium  first  combines  with  the 
fatty  acids  produced  in  the  process  of  fatty  degeneration, — a  phenomenon 
wliich  may  actually  take  place  in  true  adipose  tissu{'.  This  theory  was  advo- 
cated by  Klotz  on  the  basis  of  the  histological  appearance  when  stained  with 
Sudan  III,  butDaldauf  and  Aschoff  have  shown  that  exactly  these  appear- 
ances might  be  given  by  mixtures  of  oleic  acid,  triolein,  ami  lecithin. 

The  analyses  of  Baldauf,  Selig,  and  Wells  have  failed  to  demoi^trate 
the  presence  of  calcium  soaps;  but,  on  the  other  hiind,  Baldauf  and  Wells 
have  found  that  the  calcium  phosphate  and  carbonates  which  are  the  main 
constituents  exist  in  the  same  projiyrtiuns  as  are  found  in  bone  (about  85 
to  90  per  cent,  of  the  former  to  10  to  15  per  cent,  of  the  latter).  However, 
Wells  has  shown  that  this  proportion  is  also  ex- 
actly the  proportion  in  which  the  phosphates  and 
carbonates  exist  in  the  serum,  and  his  ovvii  observations,  as 
well  as  those  of  Htjfmeister  and  Tanaka,  indicate  that  this  is  the  composi- 
tion to  which  any  calcium  salts  whatever  are  ultimately  reduced  by  the  mass 
action  of  the  lymph  and  serum.  W^ells  believes  that  the  **  calcium  is  carried 
in  the  blood  in  amounts  not  far  from  the  saturation  point,  heltl  in  solution 
by  the  colloids  and  the  carbon  flioxid*',  aiul  existing  probably  in  the  form 
of  an  mistable  double  salt  of  calcium  bicarbonate  an<l  dicalcium  phosphate. 
In  normal  ossification  an<t  in  most  instances  of  pathological  calcification  the 
deposition  is  i>robably  initiated  by  a  i)rocess  of  colloid  adsorption,  causing  a 
concentration  of  this  dcnible  salt  in  the  hyaline  matrix  which  is  to  be  calcified 
and  which  has  a  strong  affinity  for  calcium  salts.  Calcium  dept)sition  seems 
to  tlepend  more  on  physico-chemical  processes  than  on  chemical  reactions." 

Ossification. — Virchow  and  Bid)sequent  writers,  notably  Mwmckeljerg, 
Bunting,  Oppenhciincr,  Poscharissky,  Klotz,  and  W'ells,  have  called  atten- 
tion to  the  fact  that  not  only  i>lM[Urs  of  calcification  but  even  true  Ixme  may 
be  deposited  in  the  walls  of  diseased  arteries,  and  even  in  calcified  portions 
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of  the  heart  itself.  Wells  has  shown  that  the  calcium  salts  act  as  a  stimulus, 
in  the  sense  of  Virchow's  formative  stimuli,  in  giving  rise  to  the  formation 
first  of  tissue  resembling  bone-marrow  in  structure  and  later  to  a  growth  of 
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FiQ.  153. — Various  typea  of  arteriosclerotic  lamoas.    (Scbematic.) 

true  bone.    Such  arterial  ossification  is  more  common  than  is  generally  sup- 1 
posed,  especially  in  calcareous  mcsarteritis. 

Classification  of  Arteriosclerotic   Lesions. — From   the  stand-point   of 
structure,  Ranvier  has  divided  the  arteries  into  two  great  groups: 

I.  Vessels  of  the  elastic  type,  the  aorta,  pulmonary,  carotid,  and  common 
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Fio.  154. — TypcH  of  Mortic  Ivaiona.  A,  tmity  degeneration  of  the  intima  from  a  patient  d}-inr  of 
typhoid  fever;  B,  ayphiJitjc  aortitiii,  ahowiog  the  sharp  demarcation  of  the  diaca«ed  area;  C.  gcneraliied 
ooB'luBtio  artehoscleroaia  (atberotclerosij). 

iliac  arteries,  whose  media  is  made  up  of  lamellse  of  elastic  tissue  interwoven 
with  elastic  fibrils. 

2.  Arteries  of  the  muscular  t>i>e,  embracing  a!l  the  other  arteries  of  the 
body,  whose  media,  though  contaiaing  elastic  fibres,  is  composed  chiefly  of 
strands  of  smooth  muscle. 


Diaeases  of  the  arteries  occur  In  a  variety  of  forms,  which  affect  these  two 
t3rpe8of  vessels  somewhat  differently,  so  that  for  clinical  convemence  they  may 
be  divided  into  two  grou|)8,  ac-cording  as  they  affect  the  vessels  of  the  elastic 
type,  and  especially  the  aorta,  or  the  muscle-walled  vessels  of  the  periphery. 

I.  Diseases  of  the  aorta  and  vessels  of  the  elastic  type. 

1.  Changes  in  the  intima: 

a.  Acute  aortitis,  with  fatty  degeneration  or  getatinoiia  pluqiies  in  the  intima. 

b.  Alheroum,  with  formation  of  jilaqut-a  of  iutinial  thickening,  fatty  degen- 
eratioQ,  and  calcification  (endarteritis  chronica  deformans,  Virchow; 
atberosklerosc,  Marchand),  soraetimes  syplulitic  associated  with  syph- 
ilitic mesaortitis. 

2.  Changes   in    the   media    (mesaortitis,    mesarteritis): 

a.  Syphihtic,  showing  large,  thick  strands  of  fibrotts  tissue  with  destruction 
of  the  elastic  tissue. 

b.  Acute  and  chronic  inflammatory  raesarteriti.'i  due  to  other  germs,  among 
them  the  tubercle  bacillu:*,  or  perhaps  to  the  results  of  clinical  poisons 
(lead,  alcohol,  etc.). 

II.  Diseases  of  the  peripheral  arteries   (muscular  tiTie). 

1.  Acute  endarteritis: 

a.  Suppurative,  with  purulent  infiltration  of  all  the  coats  of  the  artery  and 
the  formation  of  small  absce^^es  in  it^  walls.  This  is  usually  attended 
with  thrombosis  within  the  lumen  as  well  (thromboangitis)  and  final 
suppuration  of  the  thrombus  itself. 

b.  Swelling  and  fatty  degeneration  of  the  intima,  as  the  result  of  bacteria 
or  toxic  substances  either  directly  from  the  blood  strain  or  reaching  it 
through  the  vasa  vasorum. 

2.  Atheroma  or  endarteritis  deformans  resulting  from  ralci- 
fication  of  degenerated  patches. 

3.  Changes  in  the  intima  (endarteritis,  productiva  or  oblit- 
erans). Inflammatory  changes  in  the  intima,  leading  to 
fatty  degeneration  and  swelling  of  the  intima  or  to  the 
proliferation  of  fibrous  and  also  of  elastic  tissue  within 
the  lumen,  so  that  the  latter  may  be  either  encroached 
on  or  completely  obliterated. 

4.  Thromboangitis  obliterans  (to  be  discussed  in  a  follow- 
ing chapter),  in  which  spontaneous  endovascular  clot- 
ting precedes  demonstrable  changes  in  the  artery  and 
the  clot  gradually  becoinee  organized  with  solid  fibrous 
tissue  free  from  elastic  fibres 

III.  Diseases  affcrting  the  media  (mesarteritis). 

1.  Hypertrophy  of  media. 

2.  Simple  medial  fatty  degeneration  with  calcification  or  ossification  (Marchand 
and  Moenckeberg), 

3.  Infective  mesarteritis  with  infiltration  along  the  vasa  vaaorum.  Syphilitic 
with  very  coarse  strands  of  fibrosis. 

4.  Bacterial  invasion  of  media: 

a.  Acute  septiearnic,  giving  rise  to  necrosis  of  media  and  mycotic  aftourismH. 

b.  Chronic,  as  in  typhoid  fever,  giving  rise  to  chronic  mesarteritis  with 
strands  finer  than  those  of  lues. 

c.  Tuberculous  arteritis  (rare). 
IV.  Diseases  fifTecting  the  adventitia  (periarteritis). 

a.  Diffuse  periarteritis  part  of  process  of  all  infection,  luetic  and  tubercu- 
lous arteries. 

b.  Periarteritis  nodosa  (Kuasmaul  and  Mayer)  (supra-arterial  fibroid  nod- 
ules): 

(a)  Acute. 

(b)  Chronic. 


d 


DISEASES  OF  THE  HI 


Fatty  Degeneration  of  the  Intima.— The  mildest  form  of  disease  of  the 
intima  is  manifested  l>y  the  forniation  <»f  small,  slightly  raised,  round  or  elon- 
gated patches,  white  or  yellow  in  color,  which  are  most  frequently  situated 
along  the  inner  surface  of  the  aorta  above  the  valves  or  about  the  mouths 
of  the  intercostal  arteries.  The  siirfat'c  is  smooth  and  lineil  with  iutiiet 
endothehum,  but  the  subcndothelial  connective  tissue  is  swollen  and  filled 
with  granules  of  fatty  degenerated  materia!  rich  in  lecithin  and  cholcsterin, 
thus  causing  the  surface  of  the  plaque  to  be  elevated  above  the  surrounding 
structure  (Fig.  154,  A;  Plate  XVII.  A). 

Such  patches  of  fatty  degeneration  are  common  at  all  ages,  especially 
in  oomiitions  of  anaemia,  chlorosis,  febrile  disease,  and  acvite  intoxications; 
and  they  are  also  found  accompanying  the  various  types  of  arteriosclerosis 
and  atheroma. 

Calcification  of  the  Intima. — Endarteritis  chronica  deformans  (Mrchow) 
(atheromaj  is  usually  the  result  of  a  more  chronic  process,  prol>al>ly  the 
gra<lual  deposition  of  calcium  phosphate  and  carbonate,  in  a  preliminary 
focus  of  fatty  degeneration  in  the  intima.    Frequently  the  endothelial  surface 

becomes  ulcerated  over  the  calcific-ation. 
A  similar  change  often  occurs  upon 
the  aortic  and  mitral  valves  (Fig.  155) 
and  also  in  the  heart  nmscle  itself.  And 
the  mechanism  by  which  the  lesion  is 
produced  is  probably  the  same  in  all. 

This  form  of  arteriosclerosis  is  prob- 
ably the  most  common  form  of  all, 
for  it  is  the  arterial  disease  of  old  age, 
but  its  importance  in  the  causation  of 
signs  or  symptoms  depends  upon  the 
location  of  the  plaques.  Thus,  a  few 
plaques  along  the  cour.se  of  the  descend- 
ing aorta  may  cause  no  disturbance 
whatever,  not  even  a  rise  of  blood-pres- 
sure; while  a  plaque  upon  the  valvular  surfact?  of  a  sinus  of  Valsalva  may 
cause  active  insufficiency,  or  a  small  area  of  calcification  over  the  mouth 
of  one  ()f  the  coronary  arteries  may  keep  the  heart  from  receiving  a  sufficient 
supply  of  blood  and  give  rise  to  angina  pectoris. 

Klotz  has  claimed  that  tlie  degeneration  of  an  area  of  intima  is  due  to 
diminished  circulation  through  the  diseased  vasa  vasorum  supplying  nutri- 
ment to  the  correspotitling  part.  Definite  proof  for  this  theory  is,  however, 
lacking;  and  the  older  theory,  that  the  intimal  {-eils  are  tlcstroyed  by  toxic 
products  in  the  circulattiag  blood  or  in  the  IjTnph  that  bathes  them,  explains 
as  many  of  the  conditions. 

In  the  smaller  vessels  a  small  patch  of  calcification  or  even  an  area  of 
intimal  swelling  from  fatty  degeneration  has  much  more  effect  on  blood 
flow  than  in  the  aorta,  and  may  occlude  a  sufficiently  large  part  of  the  lumen 
to  cause  more  or  less  ischiBmia  an<l  impairment  of  function  of  the  organ  sup- 
plied, which  is  permanent  in  the  case  of  calcification  but  may  be  temporary 
if  due  to  fatty  degeneration. 


X^^ 


FiQ.  IAS — Syphilitic  iiortiliji  (mtiieroKlc- 
rosia)  witb  clpt>oMitioa  of  ralcified  plaques  just 
aUiVO  and  upua  the  aortic  valves. 
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ARTERIOSCLEROSIS. 


Acute  Aortitis  and  Acute  Arteritis. — In  septicaemic  conditions  when  large 
'numljers  of  virulont  cofci  or  bacteria  are  circulating  inilie  bl(K>d,  or  in  arteries 
in  the  vi<'iuity  of  abscess-cavities  or  kical  infections,  it  is  l>ut  natural  that 
some  of  them  should  at  times  lodge  and  proliferate  in  the  va8a  vasorum,  and 
thus  give  rise  to  acute  inflammatory  processes  in  and  aljout  them,  following 
into  t!ie  nietlia  and  giving  rise  to  lesions  in  all  three  coats  of  the  artery.  The 
elafstic  fibres  degenerate  exactly  as  in  luetic  arteritis,  and  mycotic  aneurisms 
may  result. 

The  intima  may  imderpo  necrosis,  the  endothelium  degenerate,  fibrin  fer- 
ment he  iilierated  from  it  into  the  lumen,  and  thrombosis  of  the  vessel  may 
take  place  (thromlK)arteritis  acuta,  Ziegler).  In  less  severe  infections  the 
lesions  may  heal,  and  the  areas  of  degeneration  he  replaced  by  fibrous  tissue. 

In  other  acute  infectious  diseiy>es,  especially  those  which  are  severe,  the 
intima  alone  may  undergo  necrosis  and  be  covered  wnth  elevated  white 
gelatinous  patches  (acute  gelatinous  aortitis,  described  by  Cornil  and  Ranvier 
and  the  subsequent  French  writers). 

Vegetative  Endarteritis. — In  some  cases,  especially  in  those  in  which  there 
is  a  severe  codocardiiil  lesion  invoiviug  several  valves  at  once,  the  vegetative 
process  may  extend  upward  into  the  aorta  and  give  rise  to  vegetations  which 
arise  out  of  the  intima  exactly  as  vegetations  upon  the  valves  arise  out  of  the 
endocardium  (endarteritis  verrucosa).  They  may  Ix^  produced  during  the 
course  of  severe  infections,  as  in  f»ne  ease  reported  by  Nauwerck  and  Eyrich; 
they  may  be  found  in  ca^es  of  very  chronic  endot-urditis  without  other  signs 
to  indicate  their  presence.  The  condition  is  homologous  with  endocarditis  of 
the  more  severe  grade,  notably  with  chronic  infectious  endocarditis. 

Endarteritis  Productiva  seu  Obliterans.— Complete  obliteration  of  the 
lumen  of  an  artery  by  the  proliferation  of  coiniective  tissue  which  jiasses  out 
from  the  intima  is  a  normal  process  in  certain  arteries,  notably  the  umbilical 
and  hypogastric  arteries  and  the  ductus  arteriosus;  and  it  also  represents 
the  normal  method  of  healing  a  womided  vessel. 

The  studies  of  Thayer  and  Fabian  quoted  above  show  that  a  certain 
amount  of  thickening  of  the  intima  (endarteritis  productiva)  is  also  a  normal 
process  as  age  advances;  and  similar  changes  represent  one  of  the  most  com- 
mon forms  of  patliological  change  in  arteries  all  over  the  Iwdy,  particularly 
in  those  of  the  muscular  typo,  in  which  it  is  freciuently  accompanied  by 
mesarteritis.  The  lesion  consists  of  a  gradual  thickening  of  the  intima  by 
proliferation  of  both  the  fibrous  and  the  ela'^tic  tissue  until  it  encroaches 
upon  the  lumen  of  the  artery  (enflarteritis  productiva)  or  actually  obliterates 
it  (endartrrilis  obliterans).  In  some  cases  the  lesion  is  secondary  to  a  mcsar- 
teritis,  the  infiltration  and  the  vasa  vasorum  penetrate  the  entire  media, 
destroy  the  elastica  interna  and  penetrate  into  the  intima,  as  Koster  descril)ed, 
while  in  others  the  connective  tissue  is  laid  down  layer  by  layer  in  response 
to  some  chemical  stimulus  which  enters  from  either  the  lumen  of  the  art€*ry 
or  the  lymph  spaces  that  bathe  the  intima.  Thoma's  theory,  that  this  pro- 
liferation is  a  compensatory  one  in  response  to  increased  pressure,  in  order 
to  retain  the  lumen  of  the  artery,  is  disproved  by  the  experiments  of  Jores, 
who  showed  that  dilating  the  vessels  of  the  leg  by  cutting  the  sciatic  nerve 
is  not  followed  by  sclerotic  changes. 
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DISEASES  OF  THE  HEART  AND  AORTA. 


Endarteritis  productiva  occurs  to  a  somewhat  greater  extent  in  the 
peripheral  arteries  than  in  the  aorta,  in  the  latter  only  in  patches,  while  in 
the  former  it  may  be  diffuse. 

Hypertrophy  of  the  Media  (Arterial  Hypermyotrophy,  SaviU). — While 
tr3ing  to  explain  the  rise  of  blood-presisure  in  chrunic  interstitial  nephritis 
upon  the  basis  of  diminished  blood  flow  through  the  kidneys,  George  Johnston 
in  1873  called  attention  to  the  fact  that  there  is  a  direct  relation  between 
hypertrophy  of  the  heart  and  hypertrophy  of  the  muscular  walls  (media) 
of  the  small  arteries  (the  arteriocapillary  fibrosis  of  Gnll  and  Sutton),  not 
only  of  the  kidney  but  also  throughout  the  entire  body,  and  especially  those 
of  the  skin  and  mucous  membranes,  the  constriction  of  which  causes  the  high 
blutxl-pressure.  This  ohservatiitn  has  received  ample  confirmation,  especially 
by  writers  of  the  British  school,  by  Savill,  Russell,  and  Sir  ClifTord  Allbutt. 
F.  Parkes  Weber  claims  that  it  bears  the  same  relation  to  arteriosclerosis 
that  cardiac  hypertrophy  bears  to  cardiosclerosis. 

The  clinical  importance  of  this  arterial  hypertrophy  is  best  shown  by 
the  fact  that  h.^-pertrophy  of  the  media  was  present  in  every  one  of  the  Savill's 
257  autopsies  on  patients  who  had  during  life  presented  circulatory  symptoms 
without  valvular  disease,  though  in  many  it  was  associated  with  other  forms 
of  arterial  lesion.  Savill  states  that  in  these  cases  without  marked  endarteritis 
"  the  vessel  loses  some  of  its  pliability,  remains  unduly  patent,  and  does  not 
collapse  as  a  normal  artery  should.  .  .  .  The  increase  in  muscular  tissue 
takes  place  in  length  as  well  as  in  thickness,  so  that  the  artery  becomes 
tortuous." 

The  hypertrophy  of  the  metlia  is  well  marked  in  the  radials,  but  best  in 
the  arteries  of  the  lower  extremity,  which,  owing  to  the  influence  of  gravity, 
are  under  the  highest  pressure;  and,  on  the  other  hand,  it  is  relatively  slight 
in  the  cerebral  vessels,  probal>ly  owing  to  their  elevation  when  the  body  is 
erect.  Savill  believes  that  the  absence  of  hypermyotrophy  in  these  arteries 
is  responsible  for  the  relative  frequency  of  cerebral  hemorrliage,  Savill  dis- 
tinctly states  that,  though  common  in  ciironic  nephritis,  arterial  hjiDcrmy- 
otrophy  is  by  no  means  universal  in  that  condition. 

Jores,  on  the  ba.sis  of  a  relatively  small  series  of  carefully  investigated 
cases,  has  claimed  that  hypertrophy  of  the  heart  and  the  presence  of  extremely 
high  blood-pressures  is  confined  to  the  cases  of  small  red  kidney  in  ivhieh  an 
intracapsular  fil>rosis  about  the  loo]>8  of  the  glomerulai'  capillaries  represents 
the  predominant  lesion,  and  the  lesions  of  the  tubules  are  less  marked.  In 
primary  tubular  nephritis,  even  when  the  glomeruli  are  greatly  injured,  he 
finds  no  hj^iertrophy  of  the  heart  nor  elevation  of  blood-pressure. 

On  the  other  hand,  it  has  been  showTi  by  W.  Russell,  and  later  by  Jane- 
way  and  Park,  that  changes  in  consistency  of  the  arterial  wall  may  be  respon- 
sible for  great  changes  in  the  compressibility  of  the  artery  and  therefore  for 
errors  in  the  determination  of  blood-pressure;  and  it  is  most  likely  that  this 
form  of  disease  is  largely  concerned.  It  is,  indeed,  not  imi>ossible  that  the 
extremely  high  figures  for  blood-pressure  in  this  condition  may  be  due  in 
part  to  those  changes  in  the  internal  wall,  and  may  be  often  apparent  rather 
than  real. 

Syphilitic  Mesaortitis  and  Mesarteritis. — While  Lancisi  and  the  writers 
of  the  early  part  of  the  nineteenth  century  noticed  the  association  of  aneurism 


aiid  weakening  of  the  arterial  wall  with  syphilis,  it  remained  for  Francis 
Welch  to  point  out  the  existence  of  a  well-defined  tyjw.  of  aortitis  of  sj-philitic 
origin.  He  noted  that  these  lesions  were  UBually  confined  to  definite  zones  of 
the  aorta,  most  commonly  near  the  sinuses  of  Valsalva  or  encircling  the  first 
part  of  the  aorta,  but  sometimes  confined  to  the  transverse  arch  or  to  the  dc^ 
scending  aorta  just  alK>ve  the  diaphragm.  The  areas  of  change  in  the  aorta 
end  abruptly,  and  the  rest  of  the  vessel  is  almost  always  clear  (Fig.  154  B). 

These  lesions  are  composed  of  patches  over  which  opaque  elevated 
nodules  alternate  with  punchednjut  depressions,  which,  as  Dohle  puts  it,  are 
as  uniform  as  if  punched  out  'ftith  a  stamp.  The  fibrous  plaques  are  elevated 
above  the  areas  in  wliich  the  media  is  normal. 

Heller  and  his  pupils  Dohle,  Moll,  and  Isenberg  have  shown  that  the 
hiHtologieai  picture  of  these  lesions  is  quite  as  characteristic  as  their  gross 
appearance.  They  represent  the  protot>Tie  of  the  form  described  by  Ktister, 
sleeve-like  infiltrations  about  the  vasa  vaeorum,  along  which,  as  the  recent 
observations  of  Schmorl,  Klotz,  and  Wright  and  Richardson  have  recently 
shown,  the  6pirocha?t*'s  (treponema  pallidum)  lodge  in  the  vessel  wall.  When 
this  invasion  is  recent,  the  lesions  consist  chiefly  of  small  areas  of  necrosis 
infiltrated  with  IjTnphocytes,  plasma  cells,  and  here  and  there  a  few  giant 
cells  and  miliary  gummata.  According  to  the  observations  of  Wright  and 
Richardson,  the  6piroeha?tes  (treponemata)  are  most  numerous  in  tiie  areas 
of  necrotic  tissue,  and  '*  their  numbers  and  distril)ution  in  the  lesions  would 
suggest  that  they  rapidly  multiply  at  a  given  point,  produce  necrosis,  and  then 
degenerate  and  disappear."  The  necrosis  is  especially  marked  in  the  elastic 
tissue  and  muscle-fibre  of  the  media,  which  fragment,  degenerate  and  are 
then  absorbed.  As  the  spirochaetes  disappear,  the  cellular  infiltration  is 
replaced  by  fiibroblasts  and  these  in  turn  by  fibrous  tissue,  bo  that  in  the  older 
lesions  the  media  is  seen  to  be  broken  up  by  coarse  bands  of  fibrous  tissue 
which  pass  along  the  vasa  vasorum  and  may  reach  into  the  intima.  Miliary 
or  submiliary  gunmiata  are  sometimes  present  in  the  areas  of  fibrosis.  The 
elastic  and  muscle  fibres  are  fragmented,  entirely  destroyed  in  the  path  of 
the  invasion  anil  are  replaced  by  the  above-mentioned  fibrous  tissue.  The 
latter  is  entirely  rigid;  but  the  intervening  areas  of  elastic  or  muscular 
tissues  contract,  and  when  the  artery  is  opened  "  appear  as  areas  of  depres- 
sion between  the  elevated  areas  of  fibrosis.  This  is  the  exact  opi)osite  of 
the  conditions  in  inliammations  of  the  intima,  in  which  the  diseased  portions 
are  the  elevated  ones;  and  moreover  it  applies  only  to  pure  mesarteritis,  for 
in  many  cases  the  latter  is  accompanied  by  plaques  of  endarteritis  as  well  as 
fibrosis.  When  the  blood  is  circulating  through  the  artery,  however,  condi- 
tions are  reversed,  for  then  the  strong  elastic  and  muscular  tissue  resists  the 
pressure  better  than  the  weaker  and  distensible  elastic  tissue;  and  the  areas 
of  the  latter  bulge  outward  or  may  even  appear  as  definite  aneurisms,  for  it 
is  this  form  of  arteriosclerosis  from  which  aneurisms  arise. 

The  process  of  fibrosis  may  also  be  accompanied  by  a  gradual  prolifera- 
tion or  obliterating  of  the  vasa  vasorum,  by  which  the  nutrition  of  the  corre- 
sponding areas  of  arterial  wall  is  still  further  cut  off.  This,  as  Klotz  has 
claimed,  probacy  causes  ischsemia  and  secondary  changes  in  the  corre- 
gpontiing  areas  of  intima,  so  that  necrosis,  atheroma,  and  in  the  more  slowly 
developing  cases  proliferation  of   connective  tissue  (endarteritis  progressiva 
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seu  obliterans)  results.  There  is  thus  an  endarteritis  of  the  vasa  vasonim 
giving  rise  to  endarteritis  of  the  vessel  itself. 

Clinically,  as  Welch,  Heller,  and  a  host  of  subseciuent  observers  have 
sho^Mfi,  s>T)liiUtic  mesafjrtitis  is  particularly  Ukely  to  aJTect  the  first  part  of 
the  aorta,  especially  in  young;  men,  and  to  be  coiiiined  to  this  zone  or  at  least 
to  extend  no  further  than  the  transverse  arch.  The  lesions  are  espeeially 
prone  to  extend  downward  into  the  sinuses  of  Valsalva  and  produce  constric- 
tions alx)ut  the  mouths  of  tlie  coronary  arterit's,  thus  giving  rise  to  cardiac 
weakness  and  angina  pectoris.  Somewhat  more  commonly  the  same  process 
extends  over  to  involve  the  cusps  of  the  aortin  valves  themselves,  causing 
deformation  and  shrinkage  of  the  latter  with  the  development  of  the  very 
common  sj'philitic  form  of  aortic  insnfficient-y.  S>'philitie  aejititis  is  therefore 
of  great  clinic'al  importance,  and,  though  less  common  than  endarteritis,  is 
more  prone  to  give  rise  to  striking  clinical  entities,  and  thus  to  attract  the 
attention  of  the  chnician. 

Another  common  form  of  the  luetic  lesion  is  the  formation  of  a  band  or 
collar  about  the  descending  aorta  just  al>ove  the  attachment  of  the  diaphragm, 
leaving  the  rest  of  the  aorta  clear.  This  is  the  zone  from  which  aneurisms 
of  the  descending  aorta  often  arise. 

Moreover,  conunon  as  are  the  luetic  involvements  of  the  aorta,  it  is 
still  more  common  for  the  spirochiete  to  be  filtered  out  in  the  smaller  periph- 
eral, visceral,  and  cerebral  arteries,  where  their  distribution  determines  the 
various  pleomorphic  lesions  of  the  disease.  In  these  arteries  the  histologic^ 
picture  is  quite  similar  to  that  in  the  aorta,  except  that,  as  the  media  is  thinner, 
the  necrotic  and  sclerotic  processes  ext^end  more  readily  to  the  intima  and  a 
more  severe  grade  of  endarteritis  results,  often  to  the  complete  obhteration 
of  the  lumen. 

Non-syphilitic  inffdive  rriesnortitis  and  mesartentis  also  occur,  but,  as  in 
the  non-s\'phiritic  cirrhosis  of  the  liver,  the  strands  of  infiltration  and  filirosis 
are  much  less  coarse  than  in  those  of  sxiihilitic  origin,  giving  rise  to  less  weak- 
ening of  the  arterial  wall,  and  are  less  striking  in  the  pictures  which  they 
present. 

In  the  arteries  of  rheumatic  ]>atient8  Klotz  has  ftiund  "  small  areas  of 
medial  fibrosis  which  in  many  respects  simulate  the  sclerotic  patches  in  the 
heart  deseriljcd  by  AscholT.  During  the  progressive  stage  of  these  lesions 
narrow  lines  of  cellular  infiltration  are  seen  along  the  Bmali  capillaries  m  the 
advent! tia  and  also  in  the  media.  The  larger  arteries  and  arti>rioles  of  the 
media  <lo  not  share  this  infiltration.  Moreover,  the  inflammatory  process 
is  limited  to  a  narrow  zone  just  along  the  vasa  vasorum.  Frequently  this 
infiltration  is  only  a  few  cells  deep.*'  As  healing  goes  on  this  becomes  replaced 
by  a  strantl  of  fibrosis. 

Arterial  changes  affecting  all  three  coats  have  been  described  in  tj^ihoid 
fever  by  Landouzy  and  Siredey,  Thayer,  and  numerous  other  observers. 
The  colls  of  the  intima  become  raised,  swollen,  and  desquamated ;  the  elastica 
interna  is  injured.  The  layers  of  the  media  are  infiltrated  with  mouvmuclear 
cells;  aJKl  the  vasa  viusorura  of  the  adventitia  are  surroumled  with  dense 
infiltrations,  similar  to  those  seen  in  myocardial  lesions. 

Klotz  has  found  that  in  this  (liwase  the  mesarteritis  is  less  extensive  than 
in  rheumatism,  but  a  different  light  is  throi^Ti  upon  liis  fintfings  by  the  over- 
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whelming  mass  of  clinical  evidence  brought  forward  by  Landouzy  and  Sirodey 
and  by  Thajcr.  The  apparent  diiScrepancy  is  probably  due  to  the  fact  that, 
as  Landouzy  and  Siredey  have  claimed,  t>T>hoid  fever  not  only  produces 
immediate  lesions  but  exerts  an  especially  marked  effect  in  lowering  the 
resistance  of  the  arterial  wall  to  subsequent  infections  and  intoxications. 

In  scariet  fever  Klotz  ftmnd  Boiall  areas  of  necrosis  of  the  media  Ijine; 
about  tiievii.sa  vjisonmi  which  had  been  obstructed  by  agglutinative  thrombi; 
and  these,  on  subsittence  of  the  infection,  are  readily  replaced  by  areas  of 
fibrosis.  Similar  infiltrative  and  fibrous  changes  occur  iii  other  infectious 
diseases. 

Degeneration  and  Calcification  of  the  Media. — Marchand  and,  later, 
Moenckeberg  have  called  attention  to  the  fact  that  the  ordinary  rigid  '*'  pipe- 
stem,"  **  beaded/'  or  *'  goos{»-neck  "  arteries  of  old  are  producetl  by  a  apecial 
form  of  arteriosclerosis,  which  occurs  only  in  arteries  of  the  muscular  type. 
This  t>i>e  is  cliaractcrized  liy  a  pure  nieilial  sclerosis  (inesarteritiw)  or,  more 
accurately,  a  necrosis  (artfrionecro.sis),  most  marked  in  the  deeper  layers 
of  the  media,  accompanied  by  fatty  changes,  necrosis  of  the  elastic  and  muscle 
fibres  and  especially  by  the  deposition  of  calcifications  in  masses  in  the  necrotic 
areas  and  in  rows  of  fine  granules  between  the  elastic  and  muscle  fil>re.s.  These 
calcifications  often  follow  the  transverse  fibres  around  the  arterv  in  rings, 
which  cause  it  to  give  to  the  palpating  finger  a  sensation  like  that  of  a  goose's 
trachea. 

Occasionally,  especially  when  the  calcification  is  of  long  duration,  ossi- 
fication takes  place  in  the  calcified  areas,  with  the  formation  of  true  bone  in 
the  walls  of  the  arteries. 

Calcareous  mesarteritis  is  very  common  in  the  femoral,  radial,  trniporal, 
and  dorsalis  pedis  arteries,  and,  owing  t-o  the  striking  changes  in  the  walls 
of  the  arteries,  it  represents  the  most  easily  diagnosed  of  all  the  forn^s  of  arterio- 
sclerosis. On  the  other  hand,  since  it  attacks  only  the  arteries  of  t  hv  niuscular 
type,  its  presence  furnishes  no  clue  to  the  condition  in  the  aorta.  It  is  usually 
much  more  marked  in  some  arteries  than  in  others,  and  lieoce,  although 
changes  of  this  type  may  go  on  in  the  coronary  arteries,  these  also  cannot 
be  propliesied  from  the  condition  of  tlie  ratlials.  For  the  same  rrason,  the 
most  extreme  changes  of  this  type  may  be  noticed  in  the  nidials  of  patients 
whose  blood-pressure  is  absoluti'ly  nornml,  or  even  below  norma!,  owing  to  the 
fact  that  the  changes  in  the  arteries  are  purely  local  ones. 

Periarteritis. — The  most  striking  form  of  inflarmnation  of  the  adventitia 
18  the  so-called  periarteritis  nodosa  (Kussmaul  and  Mayer,  1865),  or  sui>ra- 
arterial  fibroid  notlules;  small  grayish  nodules  12  mm.  in  diaiiutrr,  lo<*uted 
along  the  course  of  the  vessels  affected,  most  commonly  the  coronary,  renal, 
or  mesenteric  arteries,  tiiough  it  also  occurs  along  the-  arteries  of  the  muscles, 
the  stomach,  the  genitalia,  diaphragm,  peritoneum,  and  more  rarely  in  the 
cervical  arteries,  bladder,  adrenals,  brain,  lungs,  and  pleura  (M<»enekeberg), 
The  lesions  are  frequently  accompanied  by  the  formation  uf  small  multiple 
aneurisms,  owing  to  the  weakness  of  the  medial  coat. 

Histologically  the  lesions  consist  of  areas  of  fibrous  tissue  occurring  along 
the  course  of  the  vasa  vasorum  and  represent  processes  very  similar  to 
those  which  occur  within  the  media  in  infective  mesarteritis.  The  strik- 
ing difference  is  that,  whereas  the  fibrosis  of  mesarteritis  replaces  a  dense 
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tissue  already  fnrmod,  the  fibrosis  of  periarteritis  represents  a  new  formatioa] 
which  is  located  in  a  very  scant  amount  of  loose  tissue  and  rises  exuberantly 
above  it. 

The  inflammation  usuaily  extends  further  along  the  vasa  vasorum  inlo^ 
the  media,  whose  elastic  and  muscle  fibres  it  destroyH,  and  passes  into  the| 
intima  to  ]>r«duc'e  an  area  of  proliferative  endarteritis. 

As  regards  etiologj',  Kussniaul  and  Mayer,  Chvostek  and  Weichselbaura,  ' 
Miiller  and  Graf,  regard  syphilis  as  the  most  common  cause,  while  Fletcher, 
V.  Ivahldan  and  a  host  of  others,  among  them  Moenckeberg,  describe  casi^ 

Sin  which  lues  could  not  have  played  a  role.  Inte:^ 
tinal  intoxication,  congenital  weakness  of  the  vaj5cu- ' 
lar  tissues,  polymyositis  and  poKiieuritis,  all  seem  | 
to  play  rciles  in  certain  cases  (Moenckel>erg). 
Tuberculous  Arteritis  and  Aortitis.  —  In  th( 
ordinary  forms  of  chronic  tuberculosis  the  only 
change  in  blood-vessels  outside  the  area  of  the 
lesion  is,  as  a  rule,  the  presence  of  small  areas  of 
.  ,,   ^  fatty  degeneration  in  the  cells  of  the  intima  and 

*"  ^        media  (Frothingham).    It  is  only  in  the  more  severe  j 
mUj  forms  of  tuberculous  infection  when  the"  germs  are 

^Kf  circulating  freely  in  the  blood  that  diffuse  arteritL^ 

^^Bi  occurs. 

KtF         ^  In  localized  tuberculous  lesions  the  bacilli  may 

I     '  gradually  invade  the  walls  of  the  smaller  vessel*  j 

per  extensioneni,  and  it  is,  as  a  rule,  the  rupture 
of  tubercles  in  the  intima  of  one  of  the  smaller  vessel? 
that  gives  rise  to  generalized  tuberculosis.    In  the, 
latter  condition  the  presence  of  miliary  tubercles 
in  the  walls  of  the  vessels  is  not  infrequent,  jiarticu- 
larly  in  the  small  pulmonary  vessels  and  in  the 
small  meningeal  branches  in  tuberculous  meningitis. 
Tubercles  in  1  he  wall  of  the  aorta,  on  the  other  hand,  1 
are  rare,  and  WooUey,  who  has  recently  reviewed! 
the  subject,   has  found  accounts  of  only  ten  cases  j 
besides  his  own. 

In  most  t>f  these  cases  the  tuberculosis  aroi«e  1 
extension  from  tuberculous  l>Tnph-glands,  but  ia 
several  the  lesions  existed  in  the  form  of  sohtarrl 
tubercles  of  the  intima,  measuring  from  one  to  four 
centimetres  and  occasionally  surmounted  with  potj-poid  growths.    In  all  these j 
cases  the  tubercles  contained  very  large  numbers  of  tuli>ercle  bacilli,  so  tb 
their  rupture  might  easily  give  rise  to  a  wide-spread  infection. 


Fio.  15fl.— Arterir*scWo8i» 
of  the  deflrcndini;  aoriM,  ehow- 
iaj(  ntberutuutouH  (itnquea. 


ETIOLOGY. 


The  most  important  etiological  factors  in  the  production  of  arterichj 
sclerosis  in  nuin  are  age,  haril  work,  alcohol,  syphilis,  and  the  more  acute  I 
infectious  diseases,  especially   tjT^hoiti  fever.     The  relative   frequency  of 
the^  causal  factors,  as  indicated  by  the  palpability  of  the  radial  artery  in 
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40OO  consecutive  cases  atlmitted  to  the  Johns  Hopkins  Hospital,  has  been 
made  the  subject  of  a  careful  study  by  Thayer  and  Brush. 

These  obaervers  found  palpable  arteriea  in  the  foUowinfr  percentage  of  the  patients 
imdef  fifty  years  who  had  been  subject  to  various  etiological  factors: 

After  saulatina,  radial^  palpable  in  .  16.4  per  cent. 

No  causal  factor,  radiala  (jaipabJe  in m,5  |>er  cent. 

Pneumonia,  radtals  palpable  in  17     per  cent. 

Diphtheria.  ra<lials  palpable  in       17     pvr  cent. 

Malaria,  radiala  palpable  in 20     p<T  cent. 

Typhoid  fever,  radials  palpable  in 26     per  cent. 

Rlieumatism,  radiab  pjili>able  in .34     per  cent. 

Alcohol,  radials  palpable  in   . .  4fi.S  per  cent. 

Hftrd  work,  radiala  palpable  in  57.3  per  cent. 

Richard  Cabot  takes  exception  to  thes2  findings  of  the  high  frequency  of  nrterioBclerosia 
after  alcohol,  honing  his  conclusions  u;)on  autopsies  of  dipsomaniacs  under  fifty,  in  whom 
kesay9  aneriosclerosls  was  not  present  in  more  than  twenty  per  cent.  His  exceptions  to 
Tha^-er'a  findings  are,  however,  somewhat  against  the  general  causensua  of  opinion,  as  well 
Magainst  the  experimental  evidence  of  Aubertin,  who  produced  arteriosclerosis  and  cardiac 
hypertrophy  ,in  rabbits  by  the  injection  of  alcohol.  On  the  other  hund,  Cabot  ia  supported 
lO*  Fahr,  who  performed  309  autopsies  on  habitual  drunkards  dying  at  the  Harbor  Hospital 
of  Hamburg  and  found  arteriosclerotic  changes  no  more  comm<m  than  in  abstemious  indi- 
viduals, occurring  in  95  cases,  82  of  whom  were  over  40  years  of  age,  Oidy  7  d:iinkards  in 
his  aeries  died  before  40  from  causes  referable  to  arteriosclerasis.  Similar  changes  existed  in 
only  six  other  T>ersons  under  40.  Unlike  Aubertin,  Fahr  was  unable  to  produce  arterio- 
ederoBis  in  rabbits  by  administration  of  alcohol  for  over  two  years.  From  (his  it  would 
appear  that  the  evil  effects  of  alcohol  have  been  considerably  exaggerated,  at  least  as  far 
as  the  arteries  are  concerned.  It  must  be  borne  in  mind  that  indulgence  in  a  certain 
amoimt  of  alcohol  is  almost  universal,  especially  in  those  persons  who  di>  hard  work,  hence 
it  is  extremely  difficult  to  segregate  these  factors  in  any  large  number  of  cases.  If,  for 
example,  a  patient  has  had  typhoid  fever,  has  used  ah«»ho!,  and  has  done  hard  work,  it  is 
not  logical  to  enter  his  name  into  each  of  ihe  three  columns,  for  it  is  not  possible  to  deter- 
mine which  of  the  factors  is  the  moat  imi>ortant. 

Fortunately,  however,  for  the  decision  of  these  doubtful  points,  the  experiments 
of  Pic  and  Bonnamour  (1.  c)  upon  experimental  a^lreiKTJin  arteriasclerosis  have  shown 
that  where  two  factors  are  acting  together,  arteriosclerosis  may  be  pn> 
duced  in  conditions  in  which  it  could  not  be  brought  alxjut  by  one  of  thetn  ahme. 
Thus,  t  uberct jlosis  -f  adrenalin  yielded  arterioaclerosis  in  yoting  rabbits  which  would 
Dot  have  shown  arteriosclerosis  after  adrenalin  alone,  and  there  ia  no  doubt  that  the 
Mune  is  true  in  man. 

Syphilis,  as  stated  above,  is  an  important  factor,  especially  in 
persons  under  the  age  of  thirty-five.  Pearce  (Arch.  Int.  RIetl.,  liMO,  vi,  478) 
has  tabulated  the  results  of  a  large  number  of  observerw,  Bhowing  the  Wasscr- 
m&nn  reaction  positive  in  57  cases  of  mesaortitis,  negative  in  70;  positive 
in  29  cases  of  endaortitis,  negative  in  214;  in  aortic  insufficiency,  positive  in 
85,  negative  in  122.  Collins,  Sachs,  Clough,  Guthrie,  Longcope,  and  others 
call  attention  to  its  great  frequency  in  the  sclerotic  form. 

Worry  and  continued  pain  have  long  been  regarded  by 
clinicians  as  caus<>s  uf  arteriosclerosis,  but  a  physiological  biisis  for  this  l>elief 

not  found  until  Cannon  and  de  la  Puz  (Am,  J.  Physiol.,  1!;)11,  xxviii,  64) 

k-ed  that  the  blood  obtaint^d  Ijy  catheter  from  the  adrenal  v<'iti  of  a  cat 
excited  by  the  presence  of  a  dog  contained  more  atlrenalin  than  that  obtained 
when  the  animal  was  quiet. 
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Lead  poisoning  (especially  chronic  pJurabisni)  and  gout  are 
important  etiological  factoi-s,  as  is  als^o  chronic  nephritis.  Overeating 
is  thought  to  play  an  important  r61e,  eispeciaity  wlien  the  diet  is  rich  in  meats, 
sweetbreads,  Mvers,  kidneys,  etc. — in  other  words,  in  purin  Ixidies  und  in 
kreatin.  The  exact  r61e  of  these  substances  has  not  been  carefully  studied, 
although  Croftan  found  that  Jong-continued  injection  of  0.5  to  3.0  mg.  xanthin 
ink>  rabbits  caa^^ed  a  rise  of  forty  millimetres  in  blood-pressure,  as  well  as 
sclerotic  changes  at  lea.st  in  the  renal  arteries.  (He  does  not  describe  the 
contlition  of  the  other  arteries.)  Btirger  antl  Walpolc  (Jour.  Physiot.,  1909, 
xxxviii,  pages  xxii  and  xxiii)  find  that  the  pressor  amines  which  are  found  in 
protein  putrefaction  by  the  liberation  of  CO^  from  the  amino-acids  have  an 
intense  action  upon  the  vasomotor  mechanism  and  blood-pressure.  It  is 
therefore  quite  natural  that  overeating  would  rank  with  hard  workas  a 
main  cause  of  arteriosclerosis,  but  the  exact  extent  of  ha  occurrence  is  more 
difficult  to  determine  in  a  large  series  of  cases  than  in  an  individual  case 
in  private  practice. 

Lastly,  and  .still  more  important,  in  the  eti<ilogj^  of  arteriosclerosis,  are 
age  and  heredity  (Israel^. 

Tlius,  Osier  slates  that  "entire  families  sometimes  show  this  tendency  to  early 
arteriosclerosie,  a  ternJeucy  which  cannot  be  ex|Jtunc*ii  in  any  other  way  than  that  in  the 
make-up  of  the  machine  had  material  was  used  for  the  tubing."  Tliis  is  especially  true  as 
regarils  alcoholism,  as  has  been  shown  in  a  recent  statistical  study  by  Emerson,  who  found 
that  this  factor  was  of  more  importance  than  the  drinking  of  alcohol  by  the  individual 
himself  in  determining  arteriosclerosis  and  longevity,  and  that  an  alcoholic  ancestry  was 
very  frequenlly  followed  by  a  generation  with  a  tendency  to  early  arteriosclerosis. 

Experimental  Arterionecrosis  in  Animals. — A  most  interesting  side 
light  upon  the  genesis  of  arteriosclerosis  has  been  thrown  by  attempts  to 
produce  it  exix'rimentally  in  animals,  especially  in  rabbits  and  guinea- 
pigs.  The  lesions  which  have  been  produced  cannot  be  termed  true  arterio- 
sclerosis like  that  seen  in  man,  but  are  confined  to  the  media  and  adventitia, 
the  intiniu  always  remaining  clear.  The  reason  for  this  is  not  evident. 
Even  the  possibihly  that  in  these  small  animals  the  blood  supply  of  the 
arterial  wall  is  different  from  that  in  man,  and  that  owing  to  this  difference 
lefiioDs  occur  most  readily  in  the  media,  does  not  hold,  since  Ophiils  has 
demonstrat/ed  the  occurrence  of  spontaneous  endarteritis  in  rabbits.  The 
experimental  and  clinical  conditions  seem  to  be  closely  analogous,  but  it 
is  not  possible  to  draw  an  absolute  parallelism  between  them. 

Gilbert  and  Lion  have  been  able  to  produce  arterioscleroeis  experimentally  in  ani- 
mals by  the  injection  of  bacterial  to.xins,  and  thJB  has  been  continued  by  Klotz. 
This  fact  is  of  great  importance,  not  ofdy  from  the  istaiid-jx»int  of  experimenUil  arterio- 
BClcrosia,  but  also  because  it  establiBheii  the  iiuportance  of  bacterial  dii»ease  in  the  etiology 
of  arteriosclerosia  met  with  clinically. 

The  earlieat  observation  of  arteriosclerosis  brought  about  by  toxic  action  of  organic 
compounds,  and  one  which  establishes  beyond  dowbt  the  deleterious  action  of  tobacco 
Upon  the  arteries,  is  that  uf  Isaac  .\tller.  demonstrating  sclerosis  in  the  smaller  peripheral 
arteries  of  rabbits  as  a  result  of  feeding  them  with  infusions  of  tobacco.  Boveri  confirmed 
these  results  by  giving  infusion  of  tobacco  by  stomuch-ttibe,  and  obtainetl  atheromatous 
plafjues  or  thickening  at  the  liase  of  the  aorta  in  ten  out  of  sixteen  rabbits,  while  Baylac 
obtained  sclerosis  in  each  of  eight  rabbits  into  which  tobacco  infusion  was  injected  eithef 
intravenously  or  subcutaneouHly.  Jebrowsky  ami  later  W,  E.  Lee  have  produced  it  ia 
rabbits  made  to  inhale  tobacco  smoke,    From  Baylac's  experiments  it  would  appear  that 


ARTERIOSCLEROSIS. 


355 


in  general  the  liability  to  occurrence  bears  some  relation  to  the  channel  by  which  it  enterg 
the  body.  This  may  explaiJi  the  verj'  marked  action  of  tobacco  inhale<l  and  entering  the 
hean  directly  from  the  pulmoimry  circulation  in  smokers,  as  compared  with  the  t^omewhat 
milder  effect*  of  chewing  tobacco,  under  which  condition  the  nicoline  {iu«»es  through  and 
18  perhajis  somewhat  attenuated  in  the  liver  before  entering  the  systemic  circulation, 
and  has  still  to  pass  througli  (he  veiw  cavie,  right  heart,  and  pulmonary  circulation  before 
reaching  the  coronary  circulalion.  In  smoking,  however,  the  nicotine  enters  through 
the  lungs  and  strikes  its  first  blow  at  the  coronary  a.t cries  juid  ba^j  of  the  aorta,  where  the 
elastic  fibre*  are  under  the  greatest  tension  and  hence  most  hable  to  degeneration.  It  is, 
therefore,  easy  to  un^Iei-stand  why  smoking  of  heavy  cigars  should  be  one  of  the  moet 
jwtent  factors  in  the  etiology  of  arterioaclerosia  and  coronary  sclerosis. 

An  aljiiost  new  era  in  the  study  of  arteriosclerosb  was,  however,  introduced  by  the 
discovery  of  Josu^  that  the  repeated  intravenous  injection  of  adrenalin 
into  rabbits  brought  about  sclerofiis  and  calcification  in  the  aorta  within  a  few  weeks. 
This  was  very  soon  confinned  by  W,  Erb,  Jr.,  who  proiluced  the  legions  in  a  Itirge  number 
of  animals,  and  tletnonstratetl  the  cotwiderable  unifonnity  with  which  such  lesions  fol- 
lowed the  injectionis.  Similar  results  have  been  obtained  in  rabbits  by  Fischer  liy  the 
intravenous  injection  of  a  very  large  number  of  substances, — hydrochloric  acid, 
phosphoric  acid,  lactic  acid,  calcium  phosphate,  chloralamide^ 
mercuric  chloride,  trypsin,  diuretin,  and  physiological  salt  solu- 
tion, so  that  the  effect  can  scarcely  1*  considered  as  specific  for  adrenaUn.' 

On  the  other  hand,  Pic  and  Bonnuraoiir,  us  well  as  .Adler  and  Hensel,  have  called 
attention  ti>  the  fact  that  in  none  of  the  series  of  experiments  published  did  more  than  a 
certain  number  of  the  animals  injected  show  lesions,  ami  in  n.  very  large  series  the  latter 
showed  that  it  was  f)racficalLy  imjiossible  to  produce  arteriosclerosis  in  rabbits  by  these 
poisoriH  until  they  had  attained  a  certain  age.  After  that  age  arterioacleroeis  occa- 
sionally ocfurrfHl  spontaneously,  but  could  be  brought  on  with  considerable  fretjuency  by 
the  injection  of  toxic  substances.  As  state<l  above,  Pic  and  Bonnamour  have,  however, 
been  aljlc  to  produce  it  in  young  animals  whose  vitality  wji.«i  <liniinishefl  by  tulKirculosis, 
etc.,  indicating  that  disease  may  Ite  an  accessf>r>'  factor  in  diminishing  the  resistance  of 
the  acteries  to  toxic  influeneea  which  ordinarily  leave  no  traces.  This  carries  (he  clinical 
corollary  that  [versona  liable  to  arteriosclerotic  changes  .nhould  particularly  avoiil  all  con- 
tributing factors  (alcohol,  tobacco,  hartl  work,  etc.)  for  some  time  after  infectious  diseases. 

Hypcrcholesterinasmia. — ^jVnitschkow  (Beitr.  z.  path.  .Vnat.,  1914,  lix,  30t>)  claim.s  to 

[bavc  Ik-ch  able  to  prtRluce  endarteritis  by  feeding  cholesterin  to  rabbits,  but  these  •ibscrva- 

tions  laf'k  I'onfirmation.     However,  H.  B.  Schmidt  f.Arch.  Int.  Med.,  1911,  xiii,  121)  finfU 

h>-f)ereholestprseniiH    in   arteriosclerotics   with    hytxrtension,    but    that    hyjMTcholcsterin- 

aemia  also  occurs  in  jaundice  and  other  conditions  without  high  blood-pressure. 

Mechanism  Producing  Experimental  Arteriosclerosis.  —  The  mechanism  by  which 
arteriosclerosis  is  produce*!  lias  been  the  object  of  con-siderable  study.  In  the  case  of 
adrenalin  at  least,  Erb  behevcs  that  a  spasm  of  the  vasa  vasorum  takes 
place,  bringing  about  an  insufficient  bloo<l  siipply  to  the  coats  of  the  vessels,  and  thereby 
ischa'mic  degeneration  of  the  latter,  especially  of  the  tunica  media.  This  view  was  also 
shared  by  Pearce  and  Stanton  and  other  observers,  but  Fleisher  and  Ix)eb  have  shown 
that  considerable  areas  of  aorta  may  be  kept  ischaemic  by  com- 
pression without  producing  arteriosclerosis.  The  factor  miist,  therefore, 
be  toxic.  It  is  possible  that  in  some  cases  with  high  bloofl-preasure  actual  rupture  of  the 
weakenc<l  elastic  fi!>reH  takes  place,  wliich  serves  as  a  centre  for  areas  of  necrosis.  W,  H. 
Harvey  has  shown  that  if  bits  of  exci.w«l  aorta  are  lille'l  with  agar  under  various  pressures 
and  then  transplanted  into  subcutaneous  tissue,  those  tinder  tension  degen- 
erate more  rapidly.  The  same  is  probably  true  of  the  fibres  within  the  artery. 
Moreover,  Josu^  has  shown  that  repeated  injections  of  adrenalin  in  the  rabliit  are  followed 
by  permanent  rise  in  blood-pressure,  .^n  increa.se  in  blood-pressure  is  indwd  the  rule  in 
arteriosclerosis,  although,  aa  Hasenfeld  has  pointed  out,  it  occiirs  mainly  in  persona  whose 
sclerosis  involves  the  splanchnic  arteries.  Neither  increase  in  blood-pressure  nor  hypertro- 
phy of  the  heart  necessarily  occurs  in  patients  where  these  veaseb  are  not  involved.    The 


1 A  summary  of  the  recent  literature  upon  this  point  will  be  found  in  the  papers  of 
Saltykow,  Adler,  and  Benda. 
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reastin  fi)r  this  may  Ih?  that  the  cutting  down  of  the  circulation  of  so  large  an  area  as  the 
Bplatiehnic  region  in  itsolf  ificrytusea  the  resistance  to  blrxHJ  fiuw  and  thereby  raises  pressure. 
Then?  is  alaonodouht  that,  Inwidcs  the  single  arterj'  involved  iii  the  scleroais,  the  latter  is 
often  thu  result  of  prolonged  vtwoniotor  spasm  in  the  femoraJ  arterj-,  etc.  Oo  the  other 
hand,  audi  apasni  may  1«  transitory'  and!  be  acconipunied  h\'  t«mp«)rary  rise  of  blood-pres- 
sure and  sensory  phenomena  which  cause  the  syntJronKvs  descril)ctl  by  Pal  as  vasoujotor 
criaes  (see  page  368).  Auliertin,  Vnquez,  and  Wiescl  have  fomid  hy|)eq>lusia  of  the 
adrenals  in  arteriovsclerotic  por.'*aiJs,  while  A.  E.  CoJin  found  the  same  in  jmtients  without 
arterio.scleroHi.s.  Moreover.  Fraeokel  (Arch,  of  Exper.  Path.  u.  Phurmakol.,  1909,  L\,  394) 
found  inrn^aseij  a<ln^naliri  in  blood  of  only  a  small  percentage  of  hjq3erteiisiori  ease^.  It 
therefore  seeni-s  quite  possible,  in  the  light  of  these  findings,  that  h^^perlrophy  of  the  heart 
and  arteriosclerosis  may  often  Ijc  the  result  of  a  hypersecretion  of  adrenalin  » 
pertiaps  also  *if  some  other  iuternal  secretions.  Why  thia  shttuhl  be  a'wociated  with 
fi[>lanrhnjr  ud-tTiosH"lerosis  is  easy  to  aee.  The  latter  condition  temis  lo  diminish  the  circu- 
lation thrfjugh  the  alKiominal  TiHscera,  and  more  btoori  is  thu.s  shunte<l  through  the  adrenal 
arteries  ivhich  lie  just  alxive  the  mesenteries,  thus  bringing  about  au  iacrciise  in  adrenal 
secretion. 

It  may  be  added  that  Bayer,  in  KrehFs  clinic,  has  shown  that  some- 
times the  high  l>hK>d-|>res8ure  is,  in  ptirt  at  ieaat,  (le]K?n<lent  upon  the  amount 
of  salt  in  the  food,  being  low  on  salt-free  and  high  on  diet  rich  in  salt,  though 
this  is  by  no  means  tJie  rule. 

DISTRIBUTION   OF   ARTERIOSCLEROTIC    LESIONS. 

As  regards  the  distriliution  of  arteriwselerotic  lesions  and  its  relations 
to  etiolog:>',  Harlow  Br<x>k.s  ha,s  fjiven  the  following  statistical  summary  based 
upon  the  notcfj  uf  autopsies  on  400  eases: 


Art«ry. 


Aorta 

Visceral  trunks 

Coronarj'  arteries 

Brain  .  .  

Renal  . . .  . 

Pancre;^'-  . .  .  . 

Hepatic 

Splenic  

Lung« 

Cceliac  axiri  and  liriuiclie.s   . 

Spinal  ve«*el8 


400 

301 
270 


Etioioine*]  faetora. 


Alcohol  149,  among  laborers  118,  nephritis  51,  syph- 
ilis 38,  old  age  :i8.     Males  275,  females  125. 


Alcohol    107,   nephritis   ;i5,   syphilis   27,   excessive 
tobacco  9. 

Alcohol  4S,  nepliritis  21,  pyphilis  19. 

Alcohol  43,  nephrili?  10,  syphilis  10. 

Alcohol  ID,  8Y]>hilis  9,  senility  9. 

Alcohol  12,  riephrilie  M.  nyphllis  0,  senlhty  3. 

Alcohol  9.  Hyphilis  7,  nephriti-s  4,  endocarditis 
senility  2,  tulK-rculosis  2. 

Syphilis  5,   senility   5,    alcohol  4,    tubereuhjsis  4, 
nephritii}  2. 

Most  of  thetn  with  alcoholism.     Sclerosis  of  mesen- 
teric, all  caaes  with  ailip<JsLs. 

Alcoholic  4,  M'philitic  4,  mottt  of  the  rest  in  primary 
spinal  diseases. 


ARTERIOSCLEROSIS  IN   THE   YOUNG. 

Arteriosclerosis  in  infant.^,  children,  and  young  persons  while  rare 
not  extremely  so. 

According  to  Fremont  Smith,  who  has  given  an  excellent  review  of  the  aubje 
congenital  syphilis  is  the  cause  in  about  forty  p<»r  rent,  of  the  cases,  an«l  diphtheria,  scarlet 
fever,  and  tjTphoid  fever,  as  well  as  infoction.H  in  thn  mother  during  pregnancy,  are  impor- 
tant factors.  The  bloo«i-pre.*«.suro  is  not  ueually  elevated,  often  being  as  low  as  70  mm. 
Hg.    The  writer  has  seen  one  case  of  a  boy  aged  six  suffering  from  acute  nephritis,  com- 
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plicated  by  lobar  pneumonia,  large  bacillus  ffjii  abscess  of  the  buttocka,  cystitia  caused  by 
the  same  germ,  who  in  spite  of  contimioiisly  low  blood -prf-saurc  devolopoil  tortuous  and 
apparently  thickened  tfrnporal  and  thickfiicd  riidiul  iirlorirs.  After  a  few  nmntha  these 
arteries  were  no  lonjjer  rwlpaljle.  It  is  possible  that  these  changes  may  have  been  merely 
monouudear  infiJtratinn  at>out  the  vessels  of  the  mh-nntitia. 


CUNICAL   MANIFESTATIONS   OF   ARTERIOSCLEROSIS. 

Clinically,  the  symptoms  due  to  arteriosclerosis  usually  express 
themselves  in  several  groups  dependent  upon  the  arteries  most  affected. 

(1)  Cardiac,  associated  with  myocarditis  and  coronary  sclerosis; 
often  with  renal  symptoms  (see  C*hapter  I  X).  As  shimii  Ly  Fh'isher  and 
I^>el>,  tiie  myocarditis  may  be  produced  by  the  same  cause  and  may  he  niorti 
severe  than  the  arteriosclerosis  itself. 

(2)  Simple  coronary  sclerosis,  paroxysmal  dyspnoea,  angina 
pectoris,  Adams-Stokes  syndrome,  paroxysmal  tachycardia,  siitlden  death. 

^^  (3)  C  e  r  e  b  r  a  1    s  y  m  p  t  o  in  s  . 

^^^^        (4)  Aneurism. 

^^^H        (5)  Intermittent  claudication. 

^^^^1        (6)  Vasomotor  crises  (Pal) : 

^^^^^^^         id)  Abdominal  pain  from  vasoconstriction; 

^^^^^^K       (b)   Ra^Tiaitd's  itiseasc; 

^^^^^^F       (r)   Pain  down  arms  and  legs. 

^p  The  clinical  characteristics  of  the  cardiac  and  renal  cases  have  been 

^^  discussed  in  Chapter  I  X  under  the  hea^l  of  tlie  myocarditis  which 
invariably  accompi*nies  them,  lliey  may  be  briefly  summariztnl  as  short- 
nefis  of  breath,  especially  on  exertion,  often  asthmatic  or  paroxysmal 
in  character;  palpitation;  weakness  ;  occtisionally  a  consitlerable  degree 
of  nervousness,  loss  of  memory,  and  insomnia.  In  advanced  cases 
with  some  sclerosis  of  cerebral  arteries  there  may  be  more  or  less  transient 
irrationality,  especially  at  night  or  on  awakening.  There  may  he 
pains  over  the  precordium,  in  the  shfjulders,  or  do\m  the  arms,  or  in  the 
abdomen  or  legs,  which  may  be  definit^dy  associated  with  periods  of  high 
Jblood-presHure  (the  vasomotor  crises  of  Pai) ;  there  may  be  sudden  pain 
and  sudden  paralysis  of  a  leg,  disappearing  on  rest,  rea]>pearing 
after  a  few  steps  are  taken  (intermittent  claudication,  Charcot,  Erb);  or 
thers  may  be  severe  precordial  pain  with  a  feeling  of  weight  and  constriction 
over  the  sternum  and  an  utterable  fear  of  impending  death  (angina  pectoris). 
On  the  other  hand,  the  hand  or  foot  may  become  cold  or  numb,  the 
pulsation  th.sappear  from  the  arteries,  intense  pain  set  in  (Raynaud's  disease), 
or  finally  l)e  followed  l)y  gangrene  (thromboangitis  obl't/crans).  Still  farther 
the  patient  may  suffer  from  all  the  sign.s  and  symptoms  of  aneurism. 

On  physical  examination  the  racUal  arteries  may  t>r  may  not  be 
found  to  be  thickened  or  beaded  (atheromatous),'  dependent 
parity  u]>on  the  distribution  of  the  sclerasis,  since  the  radial  artery  may  lie 
spared.  Some  writers  state,  however,  t  hat  in  men  who  do  hard  manual  labur 
the  radial  arteries  are  the  first  attackt^,  wdiile  in  those  who  lead  a  sedentary 
life  sclerosis  may  appear  very  early  about  the  !)a8e  of  the  aorta,  antl  the 
radial,  nevertheless,  itiay  bo  prrfeetly  normal. 

'  Wertheini  Salaraonaon  (Arrh.  des  malad.  du  cceur,  1910,  iii,  688)  recommentU  feel- 
ing the  wall  of  the  artery  with  the  finger-nail  instead  of  the  finger. 
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The  artery  in  which  the  sclerosis  is  next  most  readily  observed  is  the 
temporal,  which  usually  stands  out  like  a  cord  or  is  very  tortuous,  and  when 
pressed  against  tlie  bone  feels  thickened  and  leathery.  This  tortuosity 
may  also  be  present  in  the  brachials  and  even  in  the  abdominal  aorta,  and 
is  probably  brought  about  by  the  stress  of  the  arterial  tension  exerted  upon 
the  walls,  which  are  in  some  places  weaker  and  less  elastic  than  in  others; 
80  that  we  have  a  force  {blood-pressure)  which  is  exerted  equally  on  all 
sides  against  walls  which  interpose  a  greater  resistance  on  one  side  than  on 
the  other,  hence  the  curvature  results.  As  might  be  expected,  the  tortu- 
ousness  is  therefore  greater  when  the  disturbing 
force  is  high  (high  blood-pressure)  and  less  when 
it  is  low,  as  shown  in  the  figure  (Fig.  157), 

Other  siip)erficial  arteries  which  may  be  felt 
are  the  brachials,  axiUaries,  facials,  popliteals,  and 
dorsaUs  pedis. 

Changes  in  the  Retinal  Vessels,  —  Hirschberg 
in  1SS2  called  attention  to  the  fact  that  changes 
in  the  retinal  vessels  constitute  an  early  sign  of 
arteriosclerosis,  and  later  demonstrated  that  this 
change  was  normal  in  old  persons  and  usually  began 
in  the  fifth  decade.  Friedenwald  and  Preston  exam- 
ined twenty-three  persons  suffering  from  general 
arteriosclerosis,  and  found  only  seven  normal  reti- 
nas among  them. 


)  I 


Fio.  157.— Tortuous  radial 
•rtcry.  (After  Pal.)  Solid  line, 
ooiirse  of  tb«  rmdial  artery  at 
200  mm.  Hg  blood-pran<ur«. 
Brokpn  line,  course  of  the  ar- 
tery at  05  mm.  btcxid-proMure, 
after  amy]  ui trite. 


De  Schweinjtz  gives  the  following  criteria  for  acleroda  of 
the  retinal  vessels: 

(1)  Suggestive  Signs. — ^Uneven  caliber  and  undue  tortu- 
ousneas  of  the  retinal  arturies  (corkscrew  fomi),  increased  dis- 
tinctneaa  of  the  central  liRht  Btreak,  an  unusually  light  color  of 
the  artery, and  alterations  in  the  conrse  nnd  calil>er  of  the  veins. 
,  (2)  Pathognomonic  Signs. — Clmiiges  in  ni/e  and  breadth 
of  the  arteries,  loss  of  tratiHlncency,  lesionB  in  the  arterial  walls 
consisting  of  white  stripes  in  ihe  fonn  of  perivasculitis,  inden- 
tation of  the  veins  by  the  stiffened  arteries,  tortuousness  of 
veins  and  white  stripes  or  varicosities  along  their  coursw,  fedema  of  the  retina  in  the 
form  of  gray  opacity  aroimd  the  disk  or  following  the  course  of  the  vessels,  hemorrhagee 
as  linear  extravasations  or  roundish  iiifiltrationH.  Sometimes  vtry  sudden  changes  in 
the  caliber  of  the  retinal  arteries  may  be  seen  accoropaiiying  vasomotor  crises. 

X-ray  Examination. — Absolute  proof  of  arteriosclerosis  is  also  given 
by  the  X-ray,  by  which  calcified  plaques  along  the  course  of  deeply  situated 
arteries  (popliteals,  femorals,  abdominal  aorta,  etc.)  may  be  discerned  as 
distinct  shadows  ranged  along  the  course  of  the  artery.  These  may  be 
brought  out  more  distinctly  by  using  two  stereoscopic  pictures  instead  of 
one.  Unfortunately,  it  has  not  been  possible  to  diacera  sclerosis  of  the 
coronary  arteries  in  this  way. 

Sclerosis  of  the  Abdominal  Aorta. — Arteriosclerosis  of  the  abdominal 
aorta  and  splanchnic  vessels  is  very  common,  as  has  been  shown  by  Hasen- 
feld,  Bond,  Brooks,  Ortner,  and  Gilbride.  In  fact,  it  may  almost  be  diagnosed 
with  certainty  when  the  blood-pressure  is  elevat-eiJ.  Occasionally  the  course 
of  the  abdomin&l  aorta  may  be  felt  to  be  tortuous.    Sclerosis  of  the  abdom- 


Fio.  158.— Rettnal  ehaoijes  in  art^rioselerosis.     A,  Normal  fundus.     B  to  F.  successive  diBngefl 
occurring  io  arterioxclerofiiw.  incliidiriK  polliJ  nrteries  (B),  later  &!uuininK  a  silver-wire  H.pp«araac«  (C); 
inclenU'd  veiiu*  (B,  C),  afterward  Aliuwinij  ampulliftirm  4>n  large  men  ts  f  D.  E);  cf»rk»erew  capillariM  (C,  D); 
corksnrpw  arteriei  and  veins  (D.  E);    perivasculiris  (C.   D):    »cleroai«  of  vessels  (FV,   "asiwn*  «a\  ^^^^ 
(H.  C.  D,  E).  hemorrhages  (C  FK— D.     (After  dc  S«hweiniti.) 
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inal  vessels  is  not  infrequently  accompanied  by  great  flatulence  with  pains 
not  unlike  those  of  tabes  (abdominal  vasomotor  crises),  but  these  may 
also  be  present  from  simple  piilsation  of  the  abdominal  aorta  when  tugging 
upon  loose  peritoneal  moorings.  Sclerosis  of  the  pancreatic  artery  is  often 
accompanied  by  diabetes  melhtus. 


BLOOD-PRESSURE    AND    PULSE. 

In  arteriosclerosis  the  mechanical  factors  affecting  blood-pressure 
tend  to  approach  those  in  a  system  of  rigid  tubes, — a  high  pressure  through- 
out systole,  a  low  pressure  in  diastole.  In  such  a  system  we  should  have, 
as  a  rule,  'a  greater  difference  between  pressure  in  systole  and  in  diastole 
than  when  the  normal  elasticity  tends  to  keep  up  the  diastolic  pressure, 
so  that  the  pulse-pressure  is  often  more  than  50  to  60  mm.  rather  than  being 
nearer  30  or  40  mm.  as  in  the  normal  individual. 


II 


III 


Q^ 


Fio.  169. — EfTect  of  arteriosclrroeia  upon  the  circulation.  1,  aornial,  II,  arteriQAclermin,  with 
lugh  pcriphers]  rafllstJinoe  and  anacrotic  form  uf  pulne  wave:  the  arrow  points  to  a  ritie  in  muxitna]  and 
miDiinal  presmire  and  incresaed  piUse-preiwiure.  III.  fuierio»cl(>roi*iii  with  low  [vripheral  resij) lance, 
ahowing  low  blood-preuure  and  increaaed  puliie-preasuie  and  cullapfling  pidfte.    (Compare  with  Fig.  20.) 

Pulse. — The  pulse  may  assume  any  form  whatever,  from  collapsing 
and  almost  water-hammer  in  character  to  an  anacrotic  plateau,  or  even 
in  rare  cases  to  a  pulsus  tardus.  These  depend  upon  the  relation  between 
strength  and  size  of  beat  and  outflow  through  the  arterioles.  Thus,  if  the 
peripheral  arteries  or  any  large  areas  of  blood-channels  are  dilated  and 
lacking  in  elasticity,  there  will  be  a  momentary  rise  in  pressure  at  the  begin- 
ning until  the  pressure  wave  is  transmitted  from  the  aorta  to  the  periphery. 
When  it  reaches  this  point  there  is  a  sudden  outflow  through  those  vessels 
and  a  sudden  fall  or  collapse,  which  is  greater  than  it  would  be  in  a  more 
elastic  system  (see  Fig.  159).  On  the  other  hand,  if  the  i>eripheral  outflow 
is  small,  the  pressure  in  the  non-elastic  system  quickly  rises  higher  than 
in  an  elastic  system  and  remains  so  throughout  systole,  forming  a  systolic 
plateau  (anacrotic  pulse)  with  a  large  rapid  rise  and  plateau  reaching  to 
the  end  of  systole,  then  a  gradual  fall  during  diastole.  The  pulse  form 
accordingly  gives  us  the  information  in  arteriosclerosis  as  in  other  condi- 
tions (see  page  66),  — namely,  indicates  low  peripheral  resistance  when 
it  is  collapsing  and  high  peripheral  resistance  when  it  is  anacrotic  or  sus- 
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tained.  The  pulse  may  either  be  quite  large  or  very  small,  dependent  upon 
the  degree  either  of  vasoconstriction  or  of  endarteritis.  Its  character  may 
be  very  variable;  it  may  be  quite  quick  and  collapsing,  corresponding  to  a 
general  rigidity  of  the  whole  vascular  system,  or  the  vessel  may  fill  rapidly, 
remain  well  sustained  with  lung  systolic  plateau,  and  may  then  decline 
either  rapidly  or  slowly.  However,  the  lumen  of  the  radial  arter}'  may 
have  decreased  so  much  from  un  endarteritis  that  the  filling  of  the  artery 
is  slow  and  the  up-stroke  on  the  pulse-tracing  very  obli(iue,  just  as  would 
be  typical  of  aortic  stenosis.  This  is  not  extremely  common,  and  the  very 
quick  up-stroke  is  the  form  most  frequently  seen.  On  the  other  hand,  in 
rarer  cases  when,  as  Romberg  and  also  Hasenfcld  have  pointed  out,  the 
splanchnic  vessels  are  not  involved,  the  maximal  blood-pressure  may  be 
quite  normal  (110-120  mm.)  and  the  minimal  also  (00  mm.). 

Blood -pressure.  —  The  blood-pressure  is  often  high.  Thayer  found 
in  his  studies  of  post-typhoid  arteriosclerosis  that  the  maximal  blood- 
pressure  was  usually  2(>-30  mm.  higher  than  for  normal  intlividuals  of 
corresponding  age. 

Romberg  and  Sawada,  on  the  other  hand,  found  (hflt  tliis  occurred  in  only 
12.5  per  cent,  of  all  arterH)«el(«rotics,  while  (.iroedel  found  hyjiprteiisioii  in  only  37 
per  cent,  of  -140  cases  of  artcrioKcierosis  free  from  chronic  nephritis.  Duuin  found 
Bimilar  results.  Israel,  lnowever,  found  hyp^rtenfiion — over  140  mm.  Ug  or  180  cm. 
11,0  (v.  Ilecklinghausen  apparatus) —  in  64.4  i>or  cent,  of  4o  cases  of  arteriosclerosis.  The 
niinimal  pressure  was  also  increased,  hut  less  than  the  maximal.  Israel  gives  the 
followinii:  average   Ggtires: 


1 

i 


Normal — 

cm.  H,0 

mm.  H^ 

Arteriosclerosis— 

cm.  H,0 

mm.  Ilg 

Average  increase — 

mm.  Hg 


Max. 

Min. 

Mpon, 

170 

no 

140 

125 

Hi 

103 

240 

1-JO 

190 

177 

103 

140 

52 

23 

37 

(amplitude). 


60 
44 

100 
74 

30 


iBracrs  figures  accord  well  with  the  writer's  experience  (twingthe  Erlanger  apparatua). 
The  highest  of  thcsMi  bltxHl -pressures  are  .seen  in  ca.'ies  with  chronic  nephritis  (Israel,  Jane- 
way,  Horner).  The  writfT  has  often  foun<l  a  maximal  prt«aure  of  220  mm.  Hg  with  a  niiiu- 
mal  of  160,  though  usually  iaaaaoeiation  with  nephritis.^ 

As  has  been  seen  under  cardiac  overstrain,  the  presence  of  arterio- 
sclerosis has  a  marked  efTcct  in  impairing  the  bodily  strenj2:th  and  the  ability 
to  withstand  strain.  The  diminution  in  arterial  bed  increases  the  total 
work  of  the  heart,  and  the  patches  of  arterial  fibrosis  prevent  the  arteries 
from  dilating  under  functional  activity.  On  the  other  hand,  the  loss  of 
arterial  elasticity  removes  a  factor  ivhich  tends  to  proi>el  the  blood  during 
diastole  and  thus  to  maintain  the  blood  flow  at  the  least  expenditure  of 
energy  by  the  heart.  As  a  result  of  tliis  factor,  the  heart  is  conii>elled  to 
increase  its  systolic  output  (increased  pulse-pressure)  under  normal  condi- 

•  Rassell  h.os  shown  thai  thcac  dctermiaalioM  nmy  be  too  high  in  thick-wallcd  arte* 
/7«  {itc-c  pitgo  2S). 
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tions  and  hence  has  little  ability  for  further  increase  in  reserve.  Muscular 
eflort  therefore  givet!  rise  to  signs  of  greater  strain  than  in  normal  individ- 
uals, greater  increase  in  blood-pressure,  and  greater  fatigue. 

The  intensity  of  vasomotor  reactions  varies  eonsiderably  in  different 
cases  of  urteriosclerosis.  In  some  cases,  as  Romberg  has  shown,  the  vaso- 
motor reaction  of  the  arm  vessels  to  cold  may  entirely  disappear;  while  in 
otliers  (vasomotor  crises)  the  reactions  are  so  intense  as  to  produce  ischtemia 
of  the  parts. 

The  Second  Aortic  Sound* — Corresponding  to  the  high  blood-pressure 
there  is  also  accentuation  of  the  second  aortic  sound,  which  on  the  one  hand 
may  be  due  to  the  heightened  blood-pressure  and  the  greater  tension  of  the 
aortic  valves,  or,  on  the  other,  to  the  thickening  and  partial  calcification 
of  the  valves  themselves,  which  gives  rise  to  a  louder  soun<l  than  usual 
when  the  valves  strike  together,  even  under  the  usual  pressure.  A  marked 
accentuation  of  the  aortic  second  sound  therefoi-e  always  leads  to  the 
jjuspicion  of  arteriosclerosis,  even  in  the  absence  of  thickening  in  the  walls 
the  8up<'rficial  vessels.  However,  it  is  not  pathognomonic,  since  it  may 
ften  l>e  heard  in  cases  where  no  special  sclerosis  is  present,  especially  at 
times  when  the  heart  is  acting  strongly  and  probably  giving  forth  a  larger 
output  into  (he  aorta  at  each  systole,  as  in  typhoids  with  dicrotic  pulse 
or  in  j)erfertly  healthy  young  persons  during  attacks  of  palpitation.  In 
such  cases  the  accentuation  of  the  second  sound  is  transitory. 

BLOOD    COUNT    IN    ARTERIOSCLEROSIS. 

The  blood  count  may  vary  considerably,  first  on  account  of  the  great 
variety  of  diseases  associated  with  arteriosclerosis,  and  secondly,  because 
the  latter  is  sometimes  accompanied  by  polycythaemia  or  erythnemia. 

There  are  no  blood  changes  which  in  themselves  can  be  said  to  be  defi- 
nitely associated  with  arteriosclerosis. 

AORTIC   SCLEROSIS. 

When  the  aortitis  near  the  base  of  the  aorta  is  marked,  and  especially 
if  calcified  plaques  are  present,  the  first  sound  as  well  as  the  second  may  be 
cltanged  anil  may  be  accompanied  by  a  loud  murmur  which  is  usually  trans- 
mit ted  to  the  caroti<l  and  brachial  arteries,  resembling  that  heard  in  aortic 
stenosis  but  less  inten.se.  Since  the  con<lition  is  much  more  common  than 
the  latter,  this  murmur  is  also  more  commonly  due  to  this  cause,  but  in 
the  absence  of  the  characteristic  pulse  it  is  quite  indistinguishable  from 
that  of  aortic  stenosis,  for  both  arise  at  the  same  site  at  the  same  time  and 
are  transmitted  in  the  same  way.  The  murmur  is  often  accompanied  by 
a  marked  thrill  having  the  same  distribution  and  is  followed  by  a  distinct 
diastolic  shock. 

A.S  rt'ganifl  aclerf^sia  of  the  aorta  alone,  Bittorf  hoj  founil  that  it  fre<|uentlY  occurs  at 
an  averaj^e  ape  of  fifly-live  (forty-fiv«  in  syphilitics)  an  a  result  «if  iUe  UKUal  fuctoix;  some- 
times a  pinsrlc  trauma  to  the  cliest  may  M!t'm  to  be  ttie  iiniiortant  moment  in  the  etiology. 
It  is  eR[ieciHlly  common  in  syphilitics  and  fat  jiersous,  and  is  frequently  associated  with 
pale,  aahy-Kray  color,  very  high  hlood-pressure  (170  to  220  mm.),  occasionally  difference 
in  size  of  the  pupils,  pains  over  the  chest  and  down  the  arms,  oedema  over  the  Btemuo 

1 


362 


DISEASES  OP  THE  HEART  AND  AORTA. 


unilateral  dilatation  of  veins  in  aerond  anil  third  interspaces,  rinieiiig  aortic  second  sound 
without  diastolic  murmur,  hj'pertrophy  of  the  heart,  oflen  puLsua  celer,  rarely  pulsus 
tardus  or  pulsus  paradoxus.  Cardiac  pain  may  be  present,  often  felt  just  after  percus- 
sion, and  dcst-ribed  as  eomcthing  boring  through  the  etoraum,  sometimes  with  a  feeUng  of 
oonstrictionj,  sometimes  radiating  to  the  arms  and  neck.  Occasionally  spells  of  weakneos 
in  the  arms  may  be  felt  not  unlike  intermit  tent  claudication. 

The  differential  diagnosis  from  aortic  stenosis  h  made  by  the  gradual 
up-etroke  on  the  pulse  tracing  in  the  latter  ca.se,  as  contrasted  with  the  sudden  up-6troke 
and  plateau  in  the  former;  from  aortic  insufficiency  by  the  diastolic  murmur  and  high 
pulse-pressure;  from  aneurism  by  the  percussion  and  fluoroscopic  findings.  R.  Knox  (Arch. 
Roenf  g.  Ray,  1010,  147)  has  been  able  to  recognize  atheromatous  plaques  in  the  aorta  with 
the  X-ray. 

SCLEROSIS  OF  THE  PULMONARY  ARTERY. 

Sclerosis  of  the  pulmonary  artery  may  occur  whenever  there  ia  increased  work  of  the 
right  heart,  esi>erially  in  mitral  stenosis,  emphysema,  and  phthisis.  Glroux  (Arch,  des 
malad.  du  cceur,  1910,^  iii,  5U5)  finds  that  the  lesion  usually  consists  of  opaque  yellow  ath- 
eromatous patches  in  the  arteries  near  the  bilus,  rarely  in  the  main  trunks;  but  in  the  latter 
there  may  be  a  mesarteritia  which  may  lead  to  pulmonary  insufficiency.  Ctinically,  the 
cases  are  characterized  by  headaches,  giddiness,  shortness  of  breath,  a  tendency  to  pulmo- 
nary hemorrhage,  and  a  peculiar  purplish  cyanosis  of  hands  and  face.  The  pulmonic 
Becond  sound  is  very  loud;  but  a  systolic  murmur  may  be. present  over  the  pulmonary 
area  or  a  diastolic  (pulmouar}'  insufficiency)  be  transmitted  duwu  the  left  sternal  margin. 

Case  of  PRiMAav  Pclmonabt  Sclebosis. 

Romberg  reports  the  case  of  a  man,  aged  24,  who  had  had  no  infectious  diseases 
except  mea.slea  as  a  child  and  a  recent  slight  miis<*ular  rheumatism,  three  montlia  after 
which  he  begun  to  have  gi-adually  increasing  shortness  of  breath,  epigastric 
presaiu-e,  occasional  headaches  and  giddineas,  and  bis  color  became  very  blue.  On  exami- 
nation he  showed  miarked  cyanosia  over  the  face,  body,  aud  limbs.  There  was 
apuUiulion  due  to  the  right  ventricle  in  the  fourth  interspace  4  cm.  inside  the  mammiUary 
line  and  thence  inward  to  the  sternum,  nlao  a  smaller  pulsation  (left  ventricle)  in  the  fifth 
int**rHpace  mammillary  line,  cardiac  duloe«*  7  crn.  to  right,  15  cm.  to  left.  Both  pulmonic 
sounds  were  louder  than  the  aortic.  Pulse  small,  regular,  116.  Liver  enlarged;  spleen 
enlarged.    No  adema;  no  swelling  of  vessels  of  neck. 

Probable  diagnosis  (Curschmann),  congenital  heart  lesion.  Patient  gradually  became 
worse;  digitalis  was  without  effect.    Died  one  month  after  ft<imisaion. 

Autopsy  showed  enlarged  heart ;  right  ventricle  hypertrophied 
and  forms  the  entire  apex,  and  the  c  o  n  u  8  arteriosus  and  right  auricle  are 
estw^PJHlly  hypertrophied.  All  the  valves  intact  and  normal ;  aorta  free  from  sclero- 
sis, but  unasually  stiiall.  Ductus  arteriosus  closed.  Tremendous  sclerosis  and 
Sitberoma  of  the  pulmonary  artery  and  all  its  branches.^ 

Sanders  has  recently  collected  eimilar  eases  from  the  literature. 


TREATMENT. 

The  general  treatment  of  arterio.sclerosis  is  mainly  prophylactic,  hygiemc, 
and  dietetic,  and  actual  specific  treatment  is  of  far  less  value. 

Diet — Carefully  selected  diet  is  a  most  ioiportant  factor,  restriction 
being  in  ix>th  quality  and  quantity.  The  general  diet  given  in 
heart  cases  (see  page  235)  is  of  great  benefit  here,  or  equivalent  diets  with 

*  Notes  of  a  case  of  pulmooary  arterioecleroali  (O.  A.  K.)  aecoudary  to  mitral  stenoois 
are  given  on  p.  453. 
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this  as  a  baais.  However,  in  simple  arteriosclerosis  the  quantity  taken  at 
a  time  need  not  be  so  greatly  restricted;  but  the  total  qinmtity  in  twenty- 
four  hours  should  not  exceed  twenty-five  hundred  calories,  and  should 
always  be  near  the  lower  level  for  proteids,  and  as  free  as  possible  of  purin 
bodies  (nitrogenous  extractives  such  as  are  ftjunrl  in  meat),  creatinin,  etc., 
and  also  of  salt.  The  more  recent  studies  quoted  above  seem  to  indicate 
that  excess  in  salt  is  almost  as  injurious  as  are  excesses  in  alcohol,  and  that 
the  salt  mackerel  of  Boston  is  as  dangerous  as  the  beer  of  Milwaukee.  For 
the  sclerotic  danger  probably  lurks  in  the  Smithfield  ham  or  the  cold  smoked 
tongue  as  well  as  in  the  Baltimore  rye  or  the  Martini  cocktail  (Beyer,  Bari^, 
Hadfielil).  The  patient's  safety  lies  in  milk,  eggs,  potatoes,  bread,  other 
carbohydrates,  butter,  and  the  simpler  fruits. 

Restriction  of  Liquids.  —  On  the  other  hand,  the  liquid  intake  also 
should  not  be  excessive,  since  drinking  large  aniounts  either  of  water  or 
of  beer  seems  to  favor  sclerosis  (Krehl),  but  the  amount  ingested  should 
remain  in  the  vicinity  of  fifteen  hundred  cubic  centimetres  a  ilay,  some 
persons  thriving  best  at  five  hundred  cubic  centimetres  above,  some  at 
five  hundred  cubic  centimetres  below  this  level. 

Tobacco  and  alcohol  should  be  tlispensed  with  entirely  if  possible; 
if  the  patient  insists  on  taking  small  quantities,  one  or  two  light  dry  cigars, 
as  thin  as  possible  (Lee),  ur  "stogies,"  a  da}'  are  jierhaps  the  mddest  that 
one  may  prescribe.  Cigarette  smoke  is  usually  inhaled  and  pipes  are  very 
heavj'.     Thick  Havana  cigara  should  be  entirely  prohibited. 

As  to  alcohol,  if  the  patient  insists  upon  taking  a  small  quantity, 
this  should  be  limited  to  an  occasional  glass  of  claret  or  white  wine,  or 
perhaps  a  single  glass  of  beer  at  rare  intervals.  The  latter  in  large  quan- 
tities is  especially  undesirable,  both  on  account  of  the  large  amounts  of 
liquid  taken  and  because  it  contains  both  alcohol  and  proteid  and  purin 
substances  extracted  from  the  yeast.  Gin  is  perhaps  more  dangerous 
than  whiskey. 

Coffee  and  tea  should  be  taken  in  only  small  quantities,  since 
the  vasoconstrictor  action  of  the  caffeine  favors  the  onset  of  spasmodic 
vasoconstriction  (vasomotor  crises),  and,  on  the  other  hand,  the  increase  of 
blood-pressure  itself  brought  on  by  caffeine  is  damaging  to  the  arteries. 
However,  it  must  l)e  stated  that,  in  contrast  to  nicotine,  lead,  adrenalin, 
etc.,  injections  of  caffeine  into  animals  have  thus  far  failed  to  bring  on 
arteriosclerosis  and  that  perhaps  the  deleterious  effect  of  caffeine  may  be 
overestimated. 

Hydrotherapy. — Systematic  hydrotherapy  is  of  considerable  value  in 
arteriosclerosis,  especially  the  u«e  of  warm  baths,  warm  douches 
(Brieger),  or  alternating  warm  and  cold  douches  (Riley)  applied  both  locally 
and  generally.  They  owe  their  efficacy  to  the  vasodilatation  which  they 
bring  about,  and  hence  must  be  classed  in  effect  with  the  drugs  of  the  nitrite 
group.  In  most  cases  the  effect  of  a  good  warm  douche  or  warm  bath  is 
more  marked  and  more  lasting  than  that  of  any  of  these  drugs,  and  it  is 
further  devoid  of  that  certain  residuum  of  deleterious  effect  which  all 
drugs  leave  behind  them.  So  that,  while  one  cannot  agree  with  Brieger 
that  arteriosclerosis  can  be  entirely  cured  symptomatically  by  proper 
hydrotherapy,  nevertheless  warm   baths    and   warm  showerp 
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once  or  twice  a  day  should  be  an  indispensable  part 
of  the  treatment  of  every  arteriosclerotic.  Cold  baths 
should  be  avoided,  since  they  precipitate  vasomotor  reactions,  which  in 
the  arteriosclerotic  may  amount  to  vasoconstrictor  spasm. 

Drugs.  —  Potassium  Io4ide.  —  As  to  drugs,  universal  experience  points 
to  the  efficacy  of  potassium  iodide  in  doses  ascending  from  0.3 
Gm,  (gr.  v)  t.i.d.,  p.c,  to  as  high  as  4  Gm.  (5i);  some  chuicians  favor- 
ing the  smaller,  some  the  larger  doses.  In  the  writer's  experience  doses 
under  1  Gm.  (gr.  xv)  seem  to  have  some  effect  in  alleviating  symptoms; 
and  when  there  is  a  suspicion  of  lues  the  dose  should  l>e  increased  still 
further.  (The  therajieutic  action  and  its  limitations  are  discussed  in 
Chapter  \'.) 

It  has  been  attempted  to  settle  the  question  experimentally  by  deter- 
mining the  effect  of  pottissium  iodide  upon  the  course  of  adrenalin  atheroma 
in  rabbits.  Koranyi,  Boveri,  and  Cummins  and  Stout,  who  wei-e  the  first 
to  undertake  these  investigations,  all  reported  that  potansium  iodide  or 
iodipin,  when  injected  tluring  the  time  that  atlrenalin  was  being  injected, 
inhibitetl  the  production  of  atheroma.  However,  it  must  Iw  borne  in  mind 
that  Biland,  Loeb  and  Clithens,  Adler  and  Hcnsel  found  that  large  doses 
of  potassium  iodide  seemed  to  increase  rather  than  inhibit  the  atlieromatous 
changes.  For  persons  who  cannot  tolerate  iodides  in  sufficient  doses,  sajodin, 
iodipin,  or  some  other  iodine  derivative  which  iias  fewer  unpleasant  gastric 
an  1  cutanteous  effects  may  be  usihI,  often  with  great  satisfaction. 

Salvarsan. — Salvarnan  is  as  dangerous  a  remedy  in  most  cases  of  arterio- 
sclerosis as  in  myocarditis,  and  the  indications  and  contraindications  are 
about  the  same  (see  pages  273  and  274). 

Nitrfle«. — Next  to  the  iodides  in  general  use  is  the  group  of  nitrites, — 
amyl  nitrite,  nitroglycerin,  sodium  nitrite,  er>'throl  t«tranitrate.  These 
drugs  are  of  value  for  symptomatic  treatment,  to  relieve  pain  or  discomfort 
for  the  time  being,  but  they  exercise  no  inhibitory  influences  upon  the  prog- 
ress of  the  arteriosclerosis,  as  has  been  shown  foi-  a^lrenalin  arteriosclerosis. 
On  the  other  hand,  their  effect  upon  the  symptoms  due  to  arteriosclerosis, 
the  pain  of  intermittent  claudication,  of  angina  i>ectoris,  of  the  abdominal 
and  peiipherni  vascular  crises,  is  most  remarkable,  and  in  this  n^gard  they 
are  invaluable  (Lauder  Brunton).  However,  in  thoir  administration  it 
must  be  borne  in  mind  that  persons  with  arteriosclerosis  seem  to  have 
considerable  tr>lerance  for  nitrites  (page  270),  and  to  bring  about  vasodila- 
tation ami  fall  in  blood-pressure,  much  larger  doses  must  be  given  than  is 
necessary  to  prothice  the  efTert  in  normal  intJividuals.  Accordingly,  as 
indicated  in  Chapter  \',  the  drug  should  be  athninistered  in  increasing 
doses  until  the  physiological  effect  (flushing,  thr<ibi»ing  in  head,  ringing 
of  the  ears)  is  obtained,  and  then  continued  in  a  dose  just  a  little  smaller 
than  this.  One  need  not  Ix*  surprised,  however,  to  find  that  this  dose  for 
a  person  with  arteriosclerosis,  particularly  a  colored  person,  may  be  ten 
or  even  twenty  times  the  average  dose  for  a  normal  individual.  When 
such  is  the  case  the  blootl-pressure  is  probably  a  beneficial  comjiensatorj' 
phenomenon,  and  the  nitrites  should  be  discontinued. 

In  the  chronic  hypertension  of  arteriosclerosis  venesection  is 
not  only  useless  but  often  harmful. 
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VASOMOTOR    CRISES. 


GENERAL   CONSIDERATIONS. 

The  general  clinical  manifestations  of  arteriosclerosis  bear  a  close 
relation  to  the  condition  described  by  Pal  as  "vasomotor  crises,"  under 
which  he  includes  all  conditions  which  are  associated  with  more  or  less 
sudden  constriction  or  dilatation  of  the  arteries,  and  whose  symptoms  and 
signs  disappear  or  markedly  diminish  as  soon  as  this  parox3^8mal  change  in 
the  blood-vessels  passes  off.    There  are  accordingly 

(1)  Vasoconstrictor  crises,  usually  associated  with  hypertension. 

(2)  Vasodilator  (hypotension)  crises. 

The  vasoconstrictor  crises  Pal  divided  into 

(1)  Abdominal  type.  (2)  Pectoral  type.  (3)  Cerebral  type.  (4)  Crises  in  the  ex- 
tremities.   (3)  Criisea  in  the  large  urteries. 

The  vasodilator  crises  according  to  Pat  include 

(1)  Orrlinary  sjiicope.  (2)  Surgical  shock-  (3)  Collapse  after  infectious  diseaae 
or  most  poisonings.  (4)  ErytliromeUdgia  and  many  oth*pr  "trophic"  skin  dist'aae.'  (.5) 
Occasional  coses  of  tabes  with  lancinating  pains  uiid  low  btood-pressure.  (6)  Various 
attacks  of  weakness  in  Addison's  disease. 

Probably  no  unit  cause  e.visls  for  the  crises  themselves;  the  visceral 
crises  and  lancinating  pain  in  tabes,  the  painter's  colic,  the  ura^mic  con- 
vulsion, the  delirium  of  the  cerebral  sclerotic,  the  pain  of  angina  pectoris, 
and  the  attack  of  cardiac  asthma  seem  to  have  little  etiology  in  common 
except  their  relation  to  the  sj'mpathetic  nerves.'  However,  all  manifest 
high  blood-pressure,  and,  according  to  Pal,  all  are  relieved  by  artificial 
depression  of  blood-pressure.  It  is,  therefore,  not  unhkely  that,  however 
diverse  the  ultimate  causes  of  the  condition,  the  cause  of  the  symptoms 
is  high  blood-pressure  with  lociilized  vasoconstriction.  The  variation  in 
the  areas  of  constriction  in  regions  whose  arteries  are  already  sclerotic 
accounts  for  the  occurrence  of  the  different  symptom  complexes. 

As  to  treatment,  the  .statements  of  Pal  would  lead  one  to  believe  that 
they  are  all  relieved  by  vasodilators,  especially  nitro- 
glycerin and  the  nitrites,  occasionally  by  sodium  thiocyanate, 
and  that  marked  improvement  results  while  the  blood-pressure  is  lowered. 
The  symptoms  return  if  the  blood-pressure  again  rises.  (Pal,  also  Heitz, 
and  Norrero.)  However,  Prof.  Barker's  experience  at  the  Johns  Hopkins 
Hospital  does  not  warrant  such  sweeping  conclusions. 

*  The  cardinal  signs  of  sympathicotonte  should  be  carefully  tested  for  (see  page  19). 
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^aux)o  pmrssufif — ■^•ui^e  rate 
FiQ.  leo. 


Ca8b  or  Abdomjnai,  Yabomotor  Cribes,    (Quoted  from  Pal,) 

P.  Y.,  sausage  maker,  aged  57,  had  rheumatism  14  years  ago,  and  for  the  past  year 
pain  and  pressure  in  the  epigastrium,  especially  on  taking  a  deep  breath.  Haa  ooca- 
fiional  paroxysms  of  extreme  dyspnoea  nmi  palpitation  of  the  heart,  but 
always  haa  some  shortness  of  breath.  He  was  formerly  a  lieavy  drinker,  now  driniiks  two 
or  tliree  litres  of  l>eer  a  day  as  well  aa  a  half  litre  of  wine  and  some  whiskey  I  He  also 
amokea  in  moderation. 

On  admission,  April  7, 1904,  he  was  found  to  be  a  well-nouri.shed  man,  slightly  cyanotic. 
Lungs  clear,  respiration  34,  Heart.  Maximum  imputs«e  in  sixth  interspace  two  fingers' 
breadth  beyond  mammillary  line.  Duhiess  extends  to  third  rib  above  and  two  fingers* 
breadth  beyond  the  right  margin  of  the  sternum.  Sounds  quite  clear  at  apex  and  base, 
second  aortic  sound  not  accentuated.  Pulse 
©8;  radial  walls  stiff;  blood-pressure  225. 
Liver  enlarged;  spleen  not  palpable.  Slight 
op«iema  of  feet  and  legs.  Urine  2t>(X)  c.c;  sp. 
gr.  KJIO;  albumin  I  5  (.Im.  per  Utre. 

Patient  was  given  0.5  Urn.  (gr.  viii)  so- 
dium tlufKyanatc  t.i.d.  to  diminish  his  blood- 
preasure. 

April  21.  Patient,  deUrious;  blooii-pres- 
siire  110.  Tliiucyanate  discontinuetl,  where- 
ujxm  dt-'Hriumi  tliRiipfjears.  The  chart  in  Fig. 
160  shows  the  course  of  the  blood-pressure, 
pul-se-rate,  ami  respiration.  The  f>atient  was 
free  from  other  exceptional  symptoms  from 
April  7  to  May  1..  May  1,  8.00-11.. 'JO  a.m. 
Feels  hot  and  cold.  11.30.  Sudden  attack 
of  severe  pain  and  great  fettling  of  pnt^ssure 
in  epigastriutn.  11.35.  Pains  in  liack  and 
third  to  seventh  vertebra?.  Cries  out  with 
pain,  and  also  cries  "I  am  choking."  Lungs 
clear.  Cardiac  dulncss  only  to  right  sternal 
margin  and  to  two  fingens'  brt»adth  within 
left  mammillary  line.  11.40.  Symptoms 
diminish  l)ut  f)restiure  in  epigastrium  etill 
present.  11.41,  Symptoms  reappear.  11.42.  A  second  severe  attack  as  before.  11.55. 
Diminution  of  symptoms,  pains  less.  After  a  few  minutes  patient  haa  a  third  momentarv' 
attack  with  blood-pressure  over  200  mm.  11  g,  which  then  suhsitles,  12.10. 
Feels  better.  12.55.  Still  better.  Free  from  attacks  until  May  3,  during  which  time  he 
receives  0.5  Gm.  (gr.  vii)  tiiuretin  t.l.d.  On  May  IH,  sodium  thiocyanate  was 
again   given,    which    lowered    hloo  d-p  ress  u  re    but   causetl   delirium. 

From  that  time  until  discharges!  fretpient  attacks  of  pain  ami  hyperteasion. 

Pal  reports  similar  hypcrtonsive  crises  in  association  with  the  colic  of 
load  poisoning  and  also  with  the  visceral  crises  of  tabes/  the  pain  being 
always  relieved  when  the  blood-pre.ssiire  is  brought  down  by  amyl  nitrite 
or  nitroglycerin;  as,  for  example,  in  the  following  case. 

Cabb  of  Abdomi.val  Cribib  in  Le.^o  Poisoning. 

N.  J.,  painter,  aged  31,  has  had  lead  colic  twice  l>efore.  Was  free  from  it 
on  cliange  of  occupation,  but  it  returned  when  he  again  worketl  in  lead.  Drinks  little; 
denies  lues.     He  has  had  abdominal  pain  for  three  weeks.     During  past  few  days  has 


-ttESPWcnoh 


Blood-piwBure  chart  of  P.  V.    Typical 
vasomotor  crisis. 


*  The  claim  of  Pal  that  a  similar  association  of  pain  with  high  blood-pressure  exists 
with  the  lancinating  pains  of  limbs  caimot  be  maintained,  since  the  pains  in  his  own  cases 
are  sometimes  associated  with  hyjxjtension,  sometimes  with  hypertension. 

24 


370 


DISEASES  OF  THE   HEART   AND   AORTA. 


had  continuous  cramps,  loss  of  appetite,  and  no  stool.  He  is  pale  and  has  a 
nnarked  lead  line.  Pupils  react  readily.  Lungs  clear.  Heart  nomial;  pulse  rather  bard. 
Abdominal  walls  tense,  tender  on  both  sides.    Spleen  just  palpable. 


B.  P.  130.   SliRht  pain. 

P.  68.    B.  P.  iiO.     Increased  pain. 

Atnyl   nitrite   inhalatiort. 
B.  P.  105.    N  o   p  a  i  n  . 

B.  P.  165.    Pain  again,  ifisting  th£»n  over  one-half  hour  with  aome  B.  P. 
B.  P.    fl5.    After  amyl  nitrite,  which  again  gave  relief. 
B.  P.  140.    Pains  return. 

160.    Further  increase  of  pain. 
B.  P.  135.    Paina   diminish    under  amyl   nitrite. 

They  return  again,  hut 
B.  P.    85.    Pains    disappear  under  amyl    nitrite. 
After  July  25,  blood-pressure  waa  always  under  130  (during  last  four  days  under 
110),  the  patient  waa  free  from  pain,  and  bowets  were  regular. 


July  23.  8,30  p.m. 
9.10  P.M. 
9.13  P.M. 
9.15  P.M. 
9.17  P.M. 
9.45  P.M. 
9.48  P.M. 

12  M. 
4.20  a.m. 

6.30  A.M. 


Case  Illustrating  the  Cerebral  Crises. 

The  following  case,  ilhwtrating  what  Pal  terms  the  cerebral  type  of  vascular  cri.sis. 
was  under  the  writer's  care  at  the  Johns  Hopkins  Hospital: 

J.  M.  C,  grocer,  aged  52,  who  had  8ufTere<l  re{)eatedly  with  myocarditis, 
hypertrophied   heart,   irregular  pulse,   and   general   anasarca,   entered   the   Johns 

Hopkins  Hospital  in  September,  1903. 

Oct.  24.  Restless  at  night.  Left  pupil 
larger  than  right;  both  react  normally. 
Nov.  2.  Very  weak.  Pulse  weak  and  irregu- 
lar.   Liver  enlarged. 

Nov.  5.  At  12.30  P.M.  began  to  complain 
of  general  discomfort  mth  numbness  in  legs; 
complained  of  nervoiianess  and  restlessnesa. 
At  12.45  P.M.  the  reKtlesanras  became 
very  marked;  he  began  to  strike  out  with 
his  hands  and  to  trj'  to  get  out  of  bed.  Was 
at  this  time  conscious  and  able  to  understand 
questions.  (Blood-pri'ssure  curve  shown  in 
Fig.  161.)  No  aphasia.  Pupils  e<iual  and 
dilated.  Head  and  eyes  drawn  to  right  and 
rigid.  There  was  »ome  twitching  of  muscles 
of  both  arms  and  hands.  Reflexes  of  right 
arm  sHghlly  exag:gera(eil.  Soon  became  cya- 
nofic  and  vessels  of  neck  stood  out.  Be- 
came unconscious.  Re.spiration  stertorous. 
Bio  ocl-p  res  sure  27  0  mm.  Ug.  After 
600  c.c.  of  blood  had  been  withdrawn  from  left  arm,  cyanoBis  slowly  subsided,  respira- 
tion becoming  less  stertorous  and  b!oo<l- pressure  falling  to  ISO  mm.  Hr. 

Becomes  coiuicious  after  catheterization  at  7,30  p.m.  Still  picking  at  l>edclothe8, 
which  continued  until  next  morning.  He  was  then  mentally  clear  by.ll  a.m.  and  pupils 
reacted  to  light. 

Nov.  6.  9  P.M.  Remained  clear  and  recaUe<l  haUucinations  of  previous  night, 
realizing  them  as  hallucinations.     Blood-pressure  160. 

Had  no  further  attacks  of  this  kind  and  blood-pressure  remaine«l  below  190. 
Died  March  28.  1904.    Autopsy  showed  chronic  myocarditis  (heart  ItHK]  tJm.),  chronic 
adhesive  {wricarditis,  coronary  aclerosis,  hydronephrosb,  and  stone  in  right  kidney.* 

'It  is  possible  that  this  attack  may  have  lieen  <lue  to  transitory  cerebral  cedema 
like  that  described  by  H.  Cushing  and  James  Bijr'lley  (iSubtemporal  r>ecomf)n'ssion  in  a 
Case  of  Chronic  Nephritis  with  Uraemia;  with  Especial  Consideration  of  the  Neuroretinal 
Lesion,  Am.  J.  M.  Sc,  190S,  exxxvi,  4841. 
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IN'TERMITTENT    CLAUDICATION, 

This  condition  is  always  associated  with  sclerosis  of  the  femoral, 
popliteal,  or  one  of  the  other  arteries  of  the  leg  which  are  usually  pipe-stem 
in  character.  Often  the  atheromatous  changes  are  readily  demonstrable 
by  the  X-ray.  Owing  to  the  narrowed  lumen  of  the  artcr}',  the  amount 
of  blood  that  can  flow  through  it  is  limited, 
but  this  is  sufficient  to  supply  the  muscle  when 
at  rest.  During  slow  walking  the  COj  pro- 
duced by  the  muscle  and  the  oxygen  needed 
by  it  increase  greatly.  If  the  arterial  flow  is 
sufficient,  no  symptoms  appear;  but  when 
rapid  walking  or  running  is  begun,  there  is  a 
sudden  increase  in  the  oxidation  in  the  muscle, 
and,  since  the  blood  supply  cannot  keep  pace 
with  it,  asphyxia  of  both  the  muscle  and  its 
nerve  endings  sets  in,  accompanied  by  paralysis 
of  the  limb  and  often  intense  pain  arising  from 
stimulation  of  the  sensory  fibres  by  the  CO,. 
The  patient  is  compelled  to  halt.  During  the 
rest  the  CO,  production  falls,  and  the  slow  cir- 
culation is  able  to  carry  off  the  excess  and  to  supply  fresh  oxygen  to  the 
tissues.  With  the  renewed  aeration,  function  returns.  The  patient  is  able 
to  walk  again  until  local  asphjrxia  sets  in;  and,  since  this  mil  be  brought 
about  by  the  same  amount  of  COj  as  before,  his  walking  will  be  limited  to 
the  same  distance.    He  must  travel  in  stages.    (Fig.  162.) 


Fio.  162. — Dingram  to  illuatmt« 
the  eltmirtation  uf  COs  by  the  blood 
iu  normal  luid  aclerotJo  artariw. 
Solid  line  indicates  COi  formation 
during  halta  and  while  walking. 
Bmken  line  represents  the  rapidity 
of  COj  elimination.  ♦  indicated  tbo 
degree  of  C0»  accumulation  at  which 
pain  Bensatioiu  set  in. 
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Case  of  Ivtermittent  CLAumcATioN. 

H.  E.,  carpenter,  aged  74,  complains  of  pain  in  riRht,  foot,  drinke  beer  and  whiiikey 
in  moderation,  smokes  very  little,  and  ha.s  always  been  healthy.  In  October  toe  was  red 
and  ached,  tor  the  past  ten  or  fifteen  years  j)  a  t  i  e  n  t  has  been  a  t  - 
tacked  by  severe  pains  in  both  feet,  causing  him  to  stop  in  his 
walks.  KnecH  never  gave  way.  Tlie  attacks  came  on  oftenest  durin;?  exercise.  On 
ejcamination,  thorax  ia  emphysematous;  heart  slightly  enlarged  to  left.  Blowing  systolic 
niurtnur  heard  over  the  tricuspid  area,  becoming  mti-'^ical  over  the  ape.^,  well  heard  in  the 
axilla,  but  faint  and  blowing  in  the  jnilmonary  area,  where  the  second  sound  is  accentuated. 
Pulse  slightly  irregular.  Right  radial  more  sclerotic  than  left.  Blood -pressure  165  mm. 
General  redtlemng  from  tarsometatarsal  joints  to  the  toes  of  right  foot,  where  pulsa- 
tion of  dorsalis  pedis  is  not  felt.  Both  tibials  are  palpable,  but  pulsation 
ia  well  felt.     I>eft  foot  nornul,  artery  pulsating  well.    Doth  popIiteaI«  are  very  sclerotic. 

Given  nitroglycerin  mg.  1  (gr.  isV)  t.i.d.,  alternating  with  sodium  nitrite  0.2  Gm. 
(gr.  iii)  t.i.d.  He  wa«  somewhat  improved  by  treatment,  but  left  the  hospital  a  few 
days  later. 

Prognosis, — Since  the  claudication  is  simply  part  of  the  general  arterio- 
sclerosis, the  prognosis  is  bad,  for  the  coronary  arteries,  aorta,  and  cerebral 
arteries  may  be  involved.  Sometimes,  however,  the  arterial  change  is 
confined  to  the  limbn,  occurring  simply  as  degeneration  of  the  media  with 
atheroma,  exactly  as  is  found  in  experimental  adrenalin  arteriosclerosis. 
In  that  case  the  prognosis  as  to  life  is,  of  course,  better. 
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HYPOTENSIVE    VASOMOTOR    CRISES. 

The  so-called  "hypotensive"  crises  seem  to  bear  no  relation  to  arterio- 
sclerosis, but  rather  to  trauma,  action  of  toxic  substances,  and  perhaps 
to  cutaneous  diseases.  They  are  in  the  main  associated  with  depression 
of  the  vasomotor  system  and  have  been  discussed  elsewhere.  The  one 
condition  with  paroxysmal  depression  of  the  blood-pressure  which  may 
owe   its  origin  to  arteriosclerosis   is   paroxysmal   tachycardia. 


ANGEIG  NEUROSES, 

Maurice  Raynaud  in  1862  described  many  cases  of  this  group,  espe- 
cially of  the  condition  which  bears  his  name.  He  showed  that  the  three 
phenomena  manifested  in  these  conditions  are: 

1.  Local  syncope,  j.f.,  blanching  from  absence  or  diminution 
of  blood  in  the  arteries  of  the  part  affected; — Raynaud's  disease  a  spas- 
modic vasoconstriction.  This  is  usually  symmetrical  in  its  distribution, 
affecting  the  ends  of  the  extremities,  i.e.,  toes,  hands  or  feet,  arms  or  legs. 
The  trouble  in  one  extremity  is  frequently  more  intense  than  in  the  other. 
Often  it  leads  to  formation  of  bulla\  ulceration,  and  to  symmetrical  gangrene 
(Raynaud's  disease). 

2.  Local  asphyxia,  i.^.,  presence  of  a  venous  blood,  that  is  to 
say  of  a  blood  insufficiently  oxygenated,  causing  blueness  of  the  part  (now 
designated  as  acrocyanosis)  with  a  distribution  corresponding  to  that  of 
Raynaud's  disease. 

3.  Local  h  y  p  e  r  a  e  m  i  a  ,  giving  rise  to  redness  (as  in  the  condi- 
tion termed  erjlhromelalgia  by  Weir  Mitchell). 

Later  investigations  have  enabled  Cassirer  as  well  as  Barker  and 
Sladen  to  epitomize  the  symptoms  of  vasomotor  disease  as  follows; 

The  vasomotor  symptoms  include  (1)  Iiypcrajmia,  (2)  syncope,  and  (3) 
asphyxia;  the  sensor)*,  (1)  pain,  (2)  hypereesthesia,  (3)  anEcsthesia,  (4) 
parsBsthesia;  the  trophic,  (1)  ulceration,  (2)  gangrene,  (3)  dystrophies 
of  the  skin  (Barker  and  Sladen).  They  affect  the  fingers  and  particularly 
the  toes.  The  chief  types  of  disease  are  acrocyanosis  (Cassirer),  erythro- 
melalgia  (Weir  Mitchell),  and  Raynaud's  disease. 

The  symptoms  may  be  arranged  as  follows  in  ascending  scale  (Barker 
and  Sladen): 

1.  .\crtK'yn.iiosIs. 

Vasomotor  symptoms — venous   stagnation    and    hyperjpmia   in    fingers  and 
toe-s  with  cyanosis;   senwury  and  trophic  disturbances  ah-st-nt. 

2.  Acropara'sthesia. 

Acrocyanosis — seasory  symptoma  (parteathesia),  numbness,  paiu,  and  tingling, 

3.  Erythromelaigia- 

Va-Homotor — hyperiBmia  (arterial).    Sensory — pain. 

4.  Raynaud's  disease  (all  the  .svmploms). 

Vasomotor — hypenpniia,  syncope,  and  asphjTtia.     Sensory — pain,  amestheBia, 
pantstbesia.     Trophic — gangrene  and  scleroderma 

As  might  be  expected,  there  are  many  cases  with  symptoms  inter- 
mediate between  these  groups  and  many  transitions  from  one  to  the  other 
(Sachs). 
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Pathology. — Raynaud  realized  that  the  gangrene  in  the  disease  which 
'bears  his  name  differed  from  ordinary  gangrene  and  tlirectetl  his  first  inves- 
tigations to  the  state  of  the  arteries.  He  found  that,  though  the 
pulse  became  very  small  or  impalpable  during  the 
attacks  of  blancliing,  it  returned  to  normal  volume 
between  attacks.  He  made  very  careful  pathological  studies  of 
the  extremities  in  a  numljcr  of  t-aiies,  and  finding  the  arteries  clear  con- 
cluded that  the  trouble  was  of  vasomotor  origin,  a  view  which  he  supported 
by  demonstrating  transitory  changes  of  caliber  in.  the  radial,  pophteal, 
and  retinal  artedes,  associated  with  the  attacks.  In  accordance  with  those 
studies  of  Raynaud  the  vasodilation  of  er)i:hromclalgia  corresponds  to  a 
period  of  paralysis  of  the  vasoconstrictor  nerves  (sympathetic  paralysis) 
quite  similar  to  the  active  hypcra'mia  wiiich  Claude  Bernard  produced  in 
the  rabbit's  ear  by  cutting  the  cervical  sympathetic.  Just  such  a  local 
paralysis  of  the  vasomotors  produced  by  the  overheating  of  a  hand  or  foot 
benumbed  by  colcl  gives  rise  to  the  condition  of  '' chilblains."  The  latter 
condition  is  always  associated  with  overheating  after  exposure  to  cold 
and  often  with  formation  of  blebs,  while  attacks  of  erythromelalgiu  may 
occur  spontaneously  from  slight  emotional  or  nervous  disturbances  or  from 
slight  exposure  to  cold  without  overheating.  There  is  rarely  bleb  forma- 
tion. An  attack  of  chilblains  induced  by  overheating  may  thus  be  con- 
tinued in  spontaneous  attacks  of  erythromelalgia. 

Raynaud's  disease,  on  the  other  hand,  corresponds 
to  an  extreme  vasoconstriction,  like  that  produced 
in  ergotism.  Raynaud  himself  was  so  much  impressed  with  this 
similarity  that  he  made  searching  infjuiries  in  all  his  ca.ses  regarding  the 
character  of  rye  bread  taken,  an<l  contkicted  an  extensive  series  of  experi- 
ments upon  ergotism  in  various  animals.  He  was  forced  to  discard  the  ergot 
hypothesis  by  the  absence  of  any  obtainable  evidence  of  ergot  ingestion, 
but  the  paralleliam  between  the  two  conditions  remains. 


Case  of  Mild  Ratnacb's  Disease. 

A.  S.,  a  trainpfl  nurse,  aged  30,  was  always  healthy  until  the  age  of  nineteen,  when 
during  her  period  of  training  she  was  compelled  to  have  a  small  ovarian  cystt  utid  one 
ovary  rpniove<J.  For  some  years  ahe  suffered  con-siderable  pain  from  adhesions,  so  that 
three  years  ago  these  were  broken  up  by  a  Hocond  oiM?ralion.  She  bore  the  ojxjration 
well,  but  during  convalescence  three  weeks  later  had  a  fainting  e|)ell,  since  when  she 
suffers  from  severe  palpitation.  For  the  past  two  years  she  has  foimd  that  in  cold  weather 
both  her  hands  and  foreunns  become  ulisolutely  white,  cold,  and  numb.  This  condition  is 
soon  relieveil  by  rubbing  or  by  laying  them  in  a  basin  of  wann  water,  but  is  sufficiently 
severe  to  prevent  her  from  accepting  a  very  desirable  appointment  in  a  colder  climate. 

BctW(!Gn  attacks  the  patient  seems  {)erfcc1ly  healtliy,  hus  a  gtKMl  color,  Al!  the  arteries 
are  soft.  They  apr)ear  to  l>e  of  nomial  calilter  arid  pulsate  norma llj'.  The  heart,  is  normal 
in  size  but  moves  7  cm.  from  left  to  right  an  the  patient  tunis  from  one  wide  to  the  other. 
The  right  kidney  ia  also  palpable  and  very  movable.  The  rest  of  the  abdomen  and  the 
lungH  are  clear.  The  blanching  of  the  hands  occuns  less  frc<juently  and  less  intensely  when 
the  patient's  liealth  ia  good,  but  it  occurs  much  more  frequently  when  the  pafient  ia  excited. 

Nitrites,  belladonna,  digitalis,  bromides,  and  a  large  auml>er  of  cardiac  stimulant^a 
have  been  tried  by  the  patient  without  marked  efTcct. 
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THROMBOANGITIS     OBLITERANS. 

In  repent  years  Weiss  and  v.  Winiwarter,  and  especially  L.  Buerger, 
have  discovered  a  lan'oup  of  cases  in  which  symptoms  at  times  simulating 
those  of  the  vasomotor  trophoneuroses  are  produced  by  complete  occlu- 
sion of  the  arteries  or  veins  with  spontaneous  thrombosis  (thromboangitis 

jor  thrombophlebitis  obliterans).  In  such  cases  the  largest  arterj'  and 
jnietimes  both  artery  and  vein  become  occluded  by  a  thrond^otic  process 

"of  considerable  extent.  Aft4?r  a  short  time  the  fresh  red  thrombi  within 
the  vessels  underg;o  organization,  usually  with  |iermanent  obliteration  of 
the  lumen  by  white  fibrous  tissue.  There  is  no  prohferation  of  new  elastic 
fibres  encroaching  on  the  lumen  as  is  the  case  in  arteriosclerosis 
(Fig.  163),  though  a  few  elastic  fibres  are  found  in  the  newly  formeil  blood- 
vessels. 

A  B 
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Fin.  im, — ThromboanRitin  rtblitemnn  (Al  and  widartefitJs  oblit*rtlna  fB).  (Aff*r  Buerger.)  The 
eUuitic  fibreH  (staineiJ  btackJ  arcabr^erii  frum  the urganiscd  llirumbus  lu  A  bill  preeecil  ill  large  numbera  in 
the  arterioBolcrioLic  legion  B. 

This  was  the  conrlition  first  sought  for  by  Raynaud  to  explain  the 
origin  of  symmetrical  gangrene,  and  described  by  him  under  the  head  of 
senile  gangrene.  In  Buerger's  exfjerience  of  over  70  cases,  however,  it  is 
most  frequent  in  Russian  and  Polish  male  Hebrews  between  twenty  and 
thirty-five  or  forty,  and  hence  is  usually  a  "presenile"  gangrene.  In 
such  cases  the  local  syncope  and  ulceration  are  due  to  arterial  occlusion. 
The  i"ed  blush  is  due  to  compensatory  capillary  dilatation  (termed  eryth- 
romeba  by  Buerger,  in  contrast  to  erythromelalgia).  Cyanosis  of  the  limb 
occurs  when  the  venous  ciirculation  is  slowed  from  any  cause. 

The  sensory  disturbances  found  in  the  trophoneuroses  are  also  found 
in  thromboangitis  obliterans. 

The  clinical  picture  produced  by  thromboangitis  obliterans  is  some- 
times so  simUar  to  that  of  Raynaud's  disease  (spasmodic  vasoconstriction) 
that  Buerger  has  found  some  undoubted  cases  of  the  former  condition 
reported  in  the  literature  as  cases  of  the  latter. 

Differentiation  between  Thromboangitis  Obliterans  and  A ngelo neuroses. — Dr.  Buerger 

has  informed  (he  writer  that  lie  tin(Li  the  following  [>o»rits  useful  fur  clinical  diiTcrentialion: 

1.  Tliere  is  always  at  least  one  vessel    whtcli    remains   permanently 

p  u  1 8  e  1  e  e  a  ,    while  in  Raynaud's  diaeaae  the  pulse  Boon  rctunib  to  normal. 
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2.  Intermittent  claudication   is  presenl  in  moat  of  the  cases. 

3.  Usually   one   limb   is  affected  a  considerable  tiine  before  the  other,  and 
the  disease  usually  attacks  the  lower  extremities. 

4.  There  are  exacerbations,  but  they  come  on  and  subside  rather 
gradually  and  are  not  paroxysnaal  like  Raynaud's  di»*ea<*e. 

5.  Limbg  which  are  red  (erj-thromelia)  or  hlue  in  the  dependent  position  become 
blanched    and    ischaemic    when   elevuted. 

6.  Migrating  phlebitis  is  not  infrcfjuently  associated  with  throniboanjptis  obliterans. 

7.  He  has  seen  over  70  cases  in  Russian  and  Polish  male  Hebrews,  but  never  in  a 
female.    Raynaud's  tliseuwe  occurs  more  often  in  females. 

K.  Onset    is   usually  ^radiial,  while  it  is  sudden  in  Raynaud's  diHcase. 
0.  The  circulatory   phenomena  are  for  the  most  part  not  of  "vasomotor"  origin, 
but  are  due  to  occlusion  of  veaseis.    They  therefore  bear  the  stamp  of  permanency. 

Nevertheless,  Dr.  Buerger  ha.s  found  a  nutnber  of  rii.sej?  in  which  the 
clinical  difTerentiation  from  Raynaud's  disease  was  very  difficult.  Dr. 
Bernard  Sachs,  on  the  other  hand,  believes  that  the  vasomotor  neuroses 
manifest  themselves  in  diseased  blood-vessels  as  well  as  in  healthy  ones, 
and  that  the  pathological  diagnosis  of  endarteritis  or  thromboaugitis  does 
not  exclude  the  clinical  diag- 
nosis of  erythro melalgia  or 
Raynaud's  disease.  Indeed  it 
is  readily  conceivable  that 
thrombosis  should  occur  more 
readily  in  somewhat  diseased 
arteries  than  in  normal  ones. 
Even  Dr.  Buerger  has  found 
8ome  intimal  changes  in  bis 
cases.  Moreover,  vasoeonstrio- 
tion,  arterial  disease,  and  the 
formation  of  agglutinative 
thrombi  may,  a.s  is  seen  in  ergot 
poisoning,  be  produced  by  the 
action  of  a  single  toxic  agent.' 

Case  op  Thromboanoitib 

OBI^rTERANS. 

The  following  is  the  history  of 
a  case  wiiieh,  though  at  the  time 
diagnosed  as  Raynaud's  disease  in  the 
Ught  of  Buerger's  investigations,  ap- 
pears to  be  one  of  thromboangitis 
obtiterons. 

H.   F.,  tailor,  aged  32,  admitted  .^"'-  !'^      H  u.ls»nd  feet  of  a  patient ^th  thr«nt>o. 

Apnl  H,  1903,  complaimng  of  a  o  r  e  ^^^^^^  of  «mpuut«d  toes.  The  arrows  point  to  the  wuk- 
toes  and  aore  fingers.     Had     gnsnous  dicer*. 

rheumatism  at  12  years;  otherwise  well.  Smokes  ten  cigarettes  daily.  In  Dewmber, 
1890,  cold  began  to  cause  a  burning  sensation  in  big  too  of  right  foot.  In  March, 
1900,  pus  collected  under  the  base  of  nail.  The  nail  was  removed,  and  four 
months  later  the  entire  toe.  Wound  did  not  heal  well.  After  this,  tingling  in  other 
toe«  when  out  of  doors,  never  when  indoors.  In  April,  1902,  the  fingers  and 
thumb  of  the  right  hand  began  to  tingle  and  become  painful,  and  a  tittle  later  on  those 
of  the  left  hand.    In  January,  190.3,  the  left  big  toe  began  to  become  gangrenous. 

^W.  H.  Howell  (Arch.  Int.  Med.,  1914,  xiii,  76)  found  that  there  was  a  lack  of  the  aati- 
thrombin  of  the  blood  in  a  case  of  thromboangitis  obliterans. 
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Phyaicial    examination    on    entrance,    negative   except   for    the   extremities.     Both 
hands  are   flii«he»i,    uut  Wue,  nut  teniiur,  but   tliere  i«  aome  deformution  of  tt 
second  phahinx  of  the  inidiilc  tingers.    Right  big  toe  minsing;   isloughs  between  thinl  and 
fourth  digits.     I.rf;ft  great  fvie  necrotic;    teudcniesw  and  jjain  over   both  first  metatarsals. 

Patient  complains  of  paroxysms  of  intense  pain  during  the  night,  htntiiig 
five  to  ten  minutes.  Elevalion  of  the  Hnib,  warm  dresfiings,  inaseage,  were  all  without 
effect.  Conditiuu  l^came  worse  in  spite  of  hot  Hg('lj  compresses,  etc.,  and  the  left  great 
toe  had  to  be  removed.  The  stump  did  not  heal  for  several  montiis.  There 
was  never  pulsation  in  either  poplitea!;  very  little  in  either 
fefuo  ra  I  .     Patit'iit  discharged  in  February,  1904,  uiiimproved. 

During  tliia  time  blood  comit:  red  hlood-corpu.HcIes  5,000,000-5,500,000.  Hsmo- 
globin  100  i>er  cent,    Urine  noraial.    Blood-pressure  100  to  130  mm.  Hg.    Pulse  80. 

The  following  history  represents  a  more  typical  case  of  thromboan- 
gitis  obliterans  (ciuoted  from  Buerger), 

M.  K.,  44  years,  RuBsJan  Hebrew,  father  of  three  healthy  children,  was  admitted  to 
Mt.  Sinai  Hospital  on  Doceml>er  8,  190S,  His  limbs  never  tnniblcd  him  mitil  abtiui  a  year 
aj?o,  when  he  felt  the  prtsunce  of  tender s]x»ts  on  the  inner  *iide  of  the  riglit  foot,  fcioon  other 
hard  "lumps"  and  "cords"  appeared;  some  of  these  in  the  neighborhood  of  the  ankle, 
others  higher  up  on  the  leg.  After  two  months  these  disappeared,  only  lo  recur  after  a  very 
short  interval.  Since  then  he  has  never  been  abtiolulely  free  from  j^cultar  "  painful  spot*/' 
and  now^,  on  admission,  he  stilt  hius  signs  of  some  of  them.  About  three  monthw  after  the 
onset  of  these  symptoms  he  exjierieiiced  pain  hi  the  l>ig  toe,  csjjecially  on  walking.  This 
has  become  gradually  worse,  ho  that  he  has  tjeen  unable  to  get  about  projxrly  for  almost 
two  months.  Of  late  he  has  often  had  cramjw  in  the  calf  and  instep  of  the  right  leg  after 
walking  for  a  short  distance.  Ilia  chief  complaint,  however,  is  the  painful  condition  of  the 
inner  side  of  hi.s  right  leg. 

Physical  examination  showed  evidences  of  circulatory  disturbance  in  the  right  lower 
extremity.  Both  the  donsalis  pedis  artery  and  the  anterior  tibial  were  pulseless,  although 
pulsation  of  both  the  femoral  and  posterior  tibial  artery  could  be  easily  detected. 

Over  the  inner  border  of  the  right  foot  there  in  a  red  streak  about  one-half  inch  in 
Jength.  This  corresfwnds  to  a  tender  induratetJ  maj<8  which  thins  out  am]  is  lost  as  it  is 
tracetl  upward.  A  short  distance  below  the  middle  of  the  leg  the  upper  end  of  a  hard  cord 
can  be  palpated.  Tlua  exteiidH  down  WhimJ  the  border  of  the  tibia  for  more  than  two 
inches,  is  adherent  to  the  skin,  somewhat  uo*Julale<l,  and  marks  the  centre  of  an  area  of 
hypersensitive,  swollen,  turgid  ekin.  There  ore  no  trophic  diRturbance.s.  Diagnoin/i: 
l}iromboan§iii9  and  thmmbftphlAitU  of  the  inicrn^  ftapficncHis  and  some  of  its  tributaries. 

On  Decemt>er  15,  190S,  a  portion  of  the  thrombosed  saphenous  was  remove<i  for 
pathological  examination. 

On  December  2Q,  1908,  the  physical  examination  was  recorded  as  follows:  In  the 
horizontal  position,  the  right  fr>ot  has  a  light  shade  of  red;  this  is  most  marked  over  the 
big  toe  and  fades  off  towarrls  the  ankle.  In  the  web  between  the  third  and  fourth  toes 
there  is  a  superficial  ulcer.  On  the  inner  side  of  the  foot  almost  two  inches  from  (he  internal 
malleolus  there  is  a  hanl,  coni-like  nodule  which  is  adherent  to  the  skin.  Behinil  the  tibia 
there  is  the  scar  left  after  removal  of  a  portion  of  the  saphenous  vein.  The  saphenous  can 
no  longer  be  felt. 

On  elevation  of  the  foot  blanching  sets  in  rapidly  and  pain  becomes  intense.  Tlie 
pendent  foot  turns  ver>'  re<l  (marked  crj-thromelial. 

FtjRTHKR  CofjRSE. — Febniary  l:\  1900,  (he  pain  in  (he  foot  hn.s  l>een  getting  steadily 
worse,  and  the  fourth  toe  is  beginning  to  turn  black.  On  the  23d  of  Febniary  amputation 
at  the  knee  was  done,  at  the  request  of  the  patient,  for  early  gangrene  of  the  fourth  toe. 


TREATMENT. 


In  the  light  of  Buerger's  patholopcal  studies,  treatment  should 
directed  toward  keeping  up  a  rapid  circulation  through  the  part  and  fUmin- 
ishing  the  tendency  to  coagulate).  To  bring  about  the  former  the  vasodilator 
drugs,  especially  the  nitrites,  should  be  freely  used,  but  most  of  all  the 
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mechanical  methods  of  inducing  arterial  hyperaemia, — hot  poultices,  mustard 
foot  or  hand  baths,  or  the  Bier's  liypcrcDmia  by  s>uction  in  vacuo  (not  Bier's  stag- 
nation hjperajmia) .  Exsanguimitioii  of  the  limb  with  the  Esmarch  bandage, 
administration  of  sodium  citrate  in  the  hope  of  reducing  coagulation,  etc., 
have  proved  of  little  avail.  From  the  time  of  Raynaud  to  the  present  excellent 
results  have  been  reported  from  the  use  of  warm  (but  not  U)0  hot)  poultices. 
Arteriovenous  Anastomosis. — The  recent  advances  in  vascular  surgen,', 
introduced  by  Carrel,  have  madts  iti>08sibie  to  anastomose  the  artery  with  the 
vein  and  to  le4id  i>lood  to  the  limb  through  the  vein  instead  of  the  artery 
(reversal  of  the  circulation).  Bernheim,  whose  operative  results  are  the  best 
thus  far  obtained,  has  reported  four  operations  uixjn  cases  of  Raynaud's  dis- 
ease, three  done  by  himself  and  one  by  Quenu.  In  Quenu's  cjise  partial  success 
was  olitainwl,  l>ut  the  limb  had  to  be  amputated  four  months  later.  Two  of 
Bemheim's  ot>erations  were  followed  by  complete  success,  but  in  the  third  no  re- 
lief was  afforded.  Of  fifty-two  cases  of  gangrene  from  various  causes  collected 
by  the  same  writer,  fifteen  were  successful,  while  among  his  owni  c^ses  the  satis- 
factory result  was  obtained  in  five  out.  of  six.  Bernheim  insists  upon  the  impor- 
tance of  operating  early,  before  all  tlie  vessels  supplying  the  part  have  become 
so  ttuombosed  as  t-o  render  recovery  impossible.  The  imjiortance  of  perfect 
technique  and  of  much  practice  in  vascular  surgery  camw.it  Ix'  overestimated. 
Al!  but  one  of  Bernheim's  anastomoses  were  end-tonend  anastomoses;  the  other 
was  a  lateral  anastomosis  done  by  the.  method  of  Bernheim  and  Stone. 
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XII. 

SCLEROSIS   OF  THE  CORONARY  ARTERIES,   A^ND  ANGINA 

PECTORIS. 

.  PHYSIOLOGY  OF  THE   CORONARY  CIRCULATIOX. 

The  coronarj'  arteries  have  usually  been  consnlered  to  be  terminal  arteries  in  the 
eense  of  Cohnheim;  that  is,  that  their  branches  did  not  anaslotnose  with  one  another  suffi- 
ciently to  maintain  an  adequate  circulation,  and  infarction  folioww  their  occluaion.  Thia 
IB  correct  under  most  clinical  conditions;  and  Porter  htia  found  ex|jerimentally  that  the 
infarction  is  proportional  to  the  size  of  the  lijB:ateil  branch.  In  many  cases  ligation  of  a  coro- 
nary gives  rise  to  fibrillarj^  contractions  and  audden  death  (Porter,  Magrath  and  Kennedy, 
Kronecker);  in  others  death  may  follow  within  a  few  minutes  (Ckihnheim  and  v.  Schulthe»- 
Rechberg)j  within  an  hour  (Punum),  or  the  animal  may  live  several  weeks  or  more 
(Baumgarten)  if  the  operation  is  done  aseptically.    Death  even  then  often  occurs  suddenly, 


»^|T|H>in<*^|lj^^^*'^^ 


Fto.  166. — Effect  of  UgBtiou  af  a  Umie  corou&ry  artery  upciu  lh«  blcxMl -pressure.    (Aiter  Cktlukbeim  nod  v, 
Bcliultheft»-Kecbberg.)     Coroiuuy  art«ry  ligatod  at  a. 

DJstrlbutton  of  the  Coronary  Arteries* — Walter  Baurngfirtpn  in  Porter's  laboratory 
was  able  to  ligate  the  various  coronary  branchen  of  cats  aiul  doRs  umler  aseptic  precau- 
tions and  produced  infarcts  in  the  corresponding  area*  of  the  myocardium.  He  found 
the  following  effeeta  by  ligaling  the  various  branches: 

Ramus  descendens:  Anterior  wall  of  left  ventricle,  anterior  papillary  mUR- 
cle,  left  half  of  the  thickness  of  the  interventricular  septum. 

R  a  m  u  9  c  i  r  e  u  ni  f  I  e  X  u  s  :  Posterior  wall  of  left  ventricle,  apex,  jxwlcrior  papil- 
lary muscle,  a  certain  extent  of  the  right  ventricle,  posterior  wall  of  left  atrium,  posterior 
third  of  the  septum. 

Ramus  septi;  This  ia  given  off  in  the  dog  near  the  origin  of  the  ramim  deaeen- 
deaB  or  indepenflently  of  it.  Ligature  produces  a  triangular  infarction  with  the  apex  of  the 
triangle  towanLi  the  ligature. 

Right  coronary:  Greater  part  of  right  \'entricle,  posterior  portion  of  the 
appenciix  atrii.     (The  smaller  branches  of  the  atria  are  not  caught  in  the  ligature.) 

Baumgarten  also  excised  the  aneemic  area  and  perfused  it  with  dehhrinHted  blood, 
and  found  thia  region  was  able  to  resume  contractions  when  the  cir- 
culation was  reneweri  within  six  to  eleven  hours  after  the  artery  had  been  ligated.  The 
region  of  the  centre  of  the  infarct  lost  hs  contractility  before  that  near  the  periphery, 
indicating  that  a  certain  degree  of  collateral  circulation,  perhaps  through  the  vessels  of 
Thebesius,  had  taken  place.  This  work  explains  why  it  is  that  a  certain  time  elapaed 
between  the  obstruction  ol  the  artery  and  the  sudden  cessation  of  beat  in  the  experi' 

378 


SCLEROSIS  OF  THE  CORONARY  ARTERIES. 


379^ 


ments  of  Piinum  and  of  Ct>hnhcim  atid  v,  Sohulthess-Rerhb^rg,  Many  of  Baumgairtea'a 
animals  survived  for  long  periods;  and  two  of  them  died  w4tli  sudden  heart  failure,  one  in 
the  midst  of  violent  exertion. 

Wassihewski  (Ztschr,  f.  exper.  Path.  u.  Therap.,  1911,  ix,  140)  injected  lycopodium 
spores  into  the  coronary  arteries,  prwJucing  dihitation  and  weakness  of  the  heart,  often 
with  a  rise  of  blood-pressure.  Administration  of  nitroglycerin  then  caused  fafl  of  blood- 
pressure  and  dilatation  diminished. 

Hirsch  and  Spaltehob  found  that,  though  infarcts  were  prwiuced  by  ligation  of  the 
nnury  artery,  the  infarcts  were  smaller  than  the  area  supplied  anatomically  by  the 
ery,  and  there  was  a  not  inconsiderable  amount  of  anastomosis,  especially  between  the 
branches  near  the  surface  of  the  heart.  In  man  Chiari  haa  found  complete  occlusion  of 
the  right  coronary  artery  without  infarction,  and  Paj^enstecher  has  liguted  that  artery 
in  an  operation  without  evil  result.  These  are  the  main  factH  regarding  the  coronary  circu- 
lation which  throw  light  ufwn  the  cUnical  conditions  obsen'ed. 

Pratt  has  shown  that  the  excised  mammalian  heart  vm\  In*  nourished 
through  the  veins  of  Thebesius  suffieicntly  to  earry  out  foroiblo  contrac- 
tiona  for  a  ronsidt^rable  time,  though  this  probably  is  not  the  case  in  the 
living  animal. 

It  lias  long  lieen  a  matter  of  debate  whether  the  heart  muscle  waa 
n  o  u  r  i  s  h  e  tl  with  blood  during  the  systolic  or  during  the  d  i  a  «  • 
t  o  I  i  c  period;  the  earliest  contention  being  that  of  Searamucci  (1089)  that  the  coro- 
nary veswels  are  i»rpieeze<l  empty  by  the  contraction  of  the  heart  muscle-fibres  during  systole 
and  fill  from  the  larger  and  more  fiuperficiul  cf>ronary  ^'essel8  during  diastole.  After  a  long 
controversy,  during  which  Rabatel  showed  that  the  curve  of  coronary  blood- pressure  and 
apparently  also  the  curte  of  bloo<l  velocity  were  exactly  similar  to  the  curve  in  the  aorta, 
the  tjuestion  was  definitely  settled  upon  the  excised  heart  by  Porter  and  his  pupils 
in  favor  of  the  old  view  of  Searamucci. 

Martin  and  Sedgwick  (Studies  from  Biol.  Lab.,  Johns  Hopkins  Univ., 
1882-3,  ii>  322)  observed  sudtlen  changes  in  calibre  in  the  coronary  arteries, 
and  ascribetl  this  to  the  action  of  va.soraotor  nerves.  Tracings  by  Porter  (Boat. 
M.  and  S,  J.,  1896)  and  Maass  (1899)  confirm  this  view. 

This  was  confirmed  by  O.  LangendorfT  ami  Wingers,  who  found  ulso  that  adrenalin 
exerted  a  v:iriodilator  action  upon  the  coronary  arteries  of  tliR  excJsetl  heart  instead  of  its 
usual  vasoconstrictor  action.  Buth  Wiggera  and  U.  S.  Bond  have  found  that  the  outflow 
through  the  coronary  veins  of  the  dog's  heart  in  situ  is  increased  by  the  administration 
of  adrenalin.  As  a  rule,  the  blood  flow  through  the  coronaries  follows  the  general  blood- 
preasure  but,  jis  shown  on  page  269,  certain  substances,  auch  a;a  the  nitrites,  may  cause  the 
coronary  arteries  to  dilute  visibly  even  when  the  general  blood-pressure  falls.  This  dilata- 
tion is  so  intense  that  smAll  vessels  previously  invisible  spring  into  T-new  and  seem  to  shoot 
acroaa  the  surfaoe  of  the  ventricles.  This  phenomenon  is  also  noted  witfi  adrenalin  and  the 
latter  drug  seems  to  be  an  even  better  dilator  of  coronary  arteries  than  are  the  nitrites. 

Ida  Hyde  in  Porter's  laboratory  found  that  the  coronary  blood  liow  was  diminished 
by  distention  of  the  heart,  a  fact  which  may  account  for  the  weaker  contraction  of  over- 
dilated  hearts. 


SCLERUSIS    UF   THE   CORONARY    ARTERIES. 

PATHOLOGICAL    ANATOMY. 

While  the  sclerosis  of  the  coronary  arteries  does  not  differ  in  its  pathol- 
ogy from  the  sclerosis  of  arteries  elsewhere,  nevertheless  the  action  upon 
the  heart  gives  rise  to  clinical  and  to  secondary  pathological  conditions 
which  are  quite  different  from  those  of  general  arteriosclerosis,  and  which 
therefore  deserve  special  consideration. 
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Another  important  condition  which  is  very  common  is  artcriosclo- 
rotie  or  atheromatous  change  arising  in  the  aorta  with  or  without  associated 
involvement  of  the  corouaries  themselves,  but  spi-eading  so  as  to  involve 
the  mouths  of  the  coronaries  as  they  arise  from  the  aorta,  anil  strangu- 
lating these  vessels  as  they  pass  through  the  aortic  wall  (see  Fig,  166). 
This  has  the  same  effect  as  a  metal  band  constricting  an  arteiy  would  have; 
namely,  of  diminishing  the  blood-prcssure  and  the  velocity  of  flow  in  the 
artery  beyond  it,  of  allowing  the  walls  of  the  arteiy  to  contract  down  and 
hence  of  producing  a  further  permanent  secondary  narrowing  of  the  lumen, 
with  progressive  diminution  in  the  blood  supply  to  the  part  (Halsted). 
The  course  of  the  artery  may  show  patches  of  hardening  with  indentations 
and  widenings,  collar-like  constrictions,  or  uniform  widenings;  or,  on  the 
other  hand,  the  arteries  may  be  converted  into  uniform  tubes  whose  walls 

may  give  the  sensation  of  rubbet 
tubes  on  the  one  hand  (uniform 
fibrous  sclerosis),  or  of  absolute 
pipe-stems  (comjilete  calcification) 
on  the  other,  This  condition  is,  of 
course,  particularly  common  in 
arteriosclerosis  affecting  the  base 
of  the  aorta,  ix.,  luetic  aortitis  and 


Fio,  10*1. — Sclrro!n?  of  a  corf)Tiar>'  arterv",  producing  nn  ftrea  of  infarction  ii«*ar  the  sp^x.  A.  Bhow- 
iac  the  mtire  speciiiii'n.  li.  'I'lie  sclerotic  coronary  artery,  camera  brouahl  closeir;  a  wire  tian  b«en  paMcd 
through  tho  mouOi  of  the  coroaary  art«ry. 

luetic  aortic  insufficiency,  and  may  account  for  many  of  the  symptoms  to 
be  discussed  later  (see  page  381). 

Since  the  heart  muscle  requires  much  more  blood  when  it  is  beating 
forcibly  and  rapidly  tluui  when  it  is  beating  slowly  and  quietly,  it  is  easily 
seen  that  this  collateral  circulation  may  be  sometimes  adequate  and  some- 
times not.  Also,  since  in  different  individuals  of  the  same  species  there  are 
variations  both  in  the  structure  and  disposition  of  the  minute  arteries  and 
in  the  needs  of  the  muscle-fibres  for  nourishment,  it  is  but  natural  that  the 
results  of  coronary  disease  should  vary  greatly. 


CLINICAL  MANIFESTATIONS. 


The  clinical  pictures  associated  with  coronary  sclerosis  are  character- 
ized by  some  or  all  of  the  following  features:  pain  over  the  prccordium 
or  down  the  arms,  feelings  of  suffocation  or  of  impending  death, 


paroxysms  of  most  intense  dyspnoea  with  palpitation,  enlargement 
and  pulsation  of  the  liver,  general  weakness,  sudden  death. 

A  considerable  grade  of  arteriosclerofciis  ntay  be  present  in  both  young 
and  old  inthviduals  without  giving  any  symptoms  whatever,  as  shown  in 
the  case  of  J.  L.  (page  573).  Another  example  of  this  was  a  coloi-ed  boy 
under  the  writer's  care  who  after  very  vigorous  life  tlied  at  the  age  of  nine- 
teen in  the  fifth  week  of  typhoid  fever.  Neither  before  nor  (hiring  the  fever 
had  he  had  any  cardiac  symptoms.  However,  his  coronar>'  arteries  were 
found  to  be  very  sclerotic. 

Sudden  Death. — S  u  d  de  n  de  a  t  h  is  frequently  the  first  manifesta- 
tion of  the  condition,  and  examples  are  almost  daily  in  the  newspapers  of 
persons,  usually  men  past  midille  life,  who  drop  dead  without  warning  and 
with  no  previous  iUncss,  due  to  sudden  thrombosis  of  the  sclerotic  coro- 
nary arteries,  or  perhaps  merely  lo  the  fact  that,  though  the  sclerotic 
procesB  has  l>een  going  on  gradually,  the  instant  haa  pa^ssed  at  which  the 
eardiac  nutritiftn  becomes  insufficient  and  ischiemia  sets  in  with  sudden 
functional  insufficiency,  just  as  occurs  in  the  leg  in  intermittent  claudica- 
tion. This  nnist  be  the  case  in  many  hearts  in  which  no  actual  thrombosia 
or  embolism  can  be  found  post  mortem. 

Paroxysms  of  dyspnoea  such  as  those  dcscril>ed  on  page  210,  the  so- 
called  cardiac  asthma,  are  also  extremely  common  in  coronaiy  sclerosis, 
especially  when  combined  with  aortic  insufficiency  (vide  page  468),  in 
which  cuvse  they  are  no  doubt  due  to  the  dilatation  and  weakening  of  the 
left  heart  and  the  consequent  accumulation  of  CO,  in  the  blood.  It  has 
been  suggest^il  by  Drs,  C.  M.  Cooixr  and  I'l.  O,  Jellinek  of  San  Francisco 
that  this  was  always  an  accompaniment  of  sclerosis  of  the  right  coronary 
artery  and  dilatation  of  the  right  heart,  but  in  autopsies  of  two  cases  under 
the  writer's  care  who  had  suffered  from  such  attacks  tiie  right  coronary 
was  absolutely  free  from  sclerosis- 
Sensations  of  pain  in  the  precordium,  and  es]>ecially  behind  the  sternum, 
as  well  as  pains  antl  tenderness  over  various  interspaces  and  radiating  down 
the  arms,  are  especially  common  in  coronary  sclerosis. 

Paroxysmal  Tachycardia.  —  Attacks  of  tachycardia  Ixjginning  with 
sudden  doubling  of  the  pulse-rate  and  ending  in  sudden  halving  of  the  latter, 
just  as  is  pix'sent  in  essential  paroxysmal  tachycardia,  have  been  described 
by  Romberg  as  manifestations  of  coronary  sclerosis,  and  Kreht  also  cites 
similar  findings. 

In  Roml>erg's  case  the  pulsp-rate  rose  suddenly  from  100  to  200,  while  the  respira- 
tion remained  ai  20.  The  attack  lasted  two  days  and  then  the  pulse-rate  *Jropi>ed  stul- 
denly  to  100.  Ljiter  an  aortic  stenosis  developed  gradually  and  the  patient  died  of  heart 
failure,  the  auiopisiy  showing  uortic  stenosis  and  scleromji  and  marked  coronary  »cleroHia. 
Dr.  Barker  infornvs  tlie  writer  (hat  he  also  has  seen  a  couple  of  cases  in  which  such 
attacks  were  asanciated  with  coronary  sclerosw. 

Quite  recently  similar  attacks  liave  l>ecn  produced  by  T.  I^wia  upon  ligating  the 
coronary  arteries  in  cats  even  after  the  cardiac  nerves  liad  J>een  sectioned. 

Painful  sensations  about  the  heart  are  particularly  common  in  asso- 
ciation with  coronary  sclerosis,  but  on  the  one  hand  they  are  by  no  means 
confined  to  this  condition,  and  on  the  other  hand  most  extensive  coronary 
Bclerosis  may  bo  present  without  the  occurrence  of  cardiac  pain.  The  most 
marked  form  of  cardiac  pain,  the  so-called  "angina  pectoris"  (pronounced 
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an'glna,  not  angi'na)  to  be  discussed  below,  is  in  its  most  typical  form 
usually  associated  with  a  certain  degree  of  coronary  sclerosis. 

ANGINA*  PECTORIS. 

In  1768  both  Heberden  and  Rougnon  described  iittacks  of  pain  in  the 
chest.  Tne  former  recognized  the  condition  the  more  clearly  and  described 
it  in  the  following  words: 

"Bill  I  here  is  a  disorder  of  the  breast  markedi  with  strong  and  jK.'CuIiar  symploms, 
considerable  for  the  kirnl  of  danger  belonging  to  it,  and  not  extremely  rare,  which  deserves 
to  be  mentioned  here  at  length.  The  seat  of  it,  ami  aetise  of  strangling  and  anxiety  with 
which  it  is  altendeti,  may  make  it  not  improperly  be  called  angina   |j  e  c  t  o  r  i  s  . 

"They  who  are  altiieted  with  it  aie  seized  while  they  are  w  alking  (more  espe- 
cially if  it  be  up-hill  and  soon  after  ejtvting)  with  a  painful  and  mo«t  disagreeable 
sensation  in  the  breiiat,  which  seenw  us  if  it  woxild  extinguish  life  if  it  were  to  increase  or 
to  continue;  but  the  moment  they  stand  still  all  tins  uneasiness  vanishes. 

"In  all  other  retjjMJCtis  the  patients  are,  at  the  beginning  of  the  disorder,  jjerfectly 
wellj  and  in  particular  have  uo  shortness  of  breath,  from  wliich  it  is  totally 
different.  The  pain  is  sometimes  situated  in  the  upper  part,  some- 
times in  the  middle,  sometimes  at  the  bottom  of  the  os  aterni, 
and  o  f  t  en  more  in  c  I  i  n  e  <1  to  the  left  than  to  t  h  e  r  i  g  h  t  s  J  d  e  .  It  like- 
wise very  frequently  extenil«  from  the  breast  to  the  middle  of  the  ami.  The  pulse  is, 
at  lea:st  sometimes,  not  disturbed  by  this  pain,  as  I  have  hati  opportunities  of 
observing  by  feeling  the  pulse  durirjg  the  paroxysm.  Males  are  most  liable  to  this 
disease,  especially  such  as  have  passed  their  fiftieth  year.  After  it  haa  con- 
tinued a  year  or  more,  it  will  not  cease  as  instantaneously  upon  standing  still,  and  it  will 
come  on  not  only  when  the  persons  are  walking  but  when  they  are  lying 
dowti .  OMf>eeially  if  they  lie  on  the  left  side,  and  oblige  them  to  rise  out  of  their  beds. 
In  some  inveterate  cohvm  it  has  been  brought  on  by  the  motion  of  a  horse  or  a  carriage 
and  even  by  swallowing,  coughing,  going  to  stool,  speaking,  or 
any  diKturbance   of   mind. 

''Such  is  the  usiial  appearance  of  this  disease,  but  some  varieties  may  be  met  with. 
Some  have  been  scisted  while  they  were  standing  still  or  silting,  alwo  upon  first  waking  out 
of  sleep,  and  the  pain  sometimes  reaches  down  the  right  arm  as  well 
as  the  left  and  even  down  to  the  hands,  but  this  is  uncommon;  in  a 
ver>'  few  jierFons  the  arm  has  at  the  same  time  been  numbed  and  swelled.  In  one  or  two 
persons  the  pain  hiw  lasted  some  hours  or  even  days,  but  this  has  hapjjeneil  wlien  the  com- 
plaint has  been  of  long  standing  and  thortiiighly  roolerl  in  the  constitution;  once  only  the 
very  first  attack  continued  the  whole  night. 

**  I  have  seen  nearly  a  hundred  people  umler  this  disorder,  of  which  num- 
ber there  have  been  three  women  and  one  boy  two  years  old.  All  the  rest 
were  men  near  or  pivst  the  fiftieth  year  of  their  age. 

"Persons  who  have  p<?rsevered  in  walking  till  the  [»ain  ha»  rettirned  four  or  five  times 

have  then  sometimes  vomitetl The  tennitmlioii  of  angina  pH-eioriH  h  remarkable. 

For  if  no  acciflent  intervene  but  the  tliseaae  go  on  to  its  height,  the  patients  all 
suddenly  fall  down  and  perish  almost  immediately.  Tlie  angina 
pectoris,  as  far  as  I  have  been  able  to  investigate,  belongs  to  the  cla.s8  of  spasmodlcs,  not 
of  inflammatory  complnint*.     For, 

"In  the  first  place,  the  access  and  the  recess  of  the  fit  is  sudden. 

"Secondly,  there  are  long  intervals  of  perfect  health. 

"Thirdly,  wine  and  epirittinuH  li«[Uor8  and  opium  afford  considerable  relief. 

"Fourthly,  it  is  increaaed  by  disturbance  of  mind. 

"Fifthly,  it  continues  many  years  without  any  other  injur>'  to  the  liealth. 

"Sixthly,  in  the  Ijeginning  it  is  not  brought  on  by  riding  on  hoiT^sebaek  or  in  a  car- 
riage, as  is  usual  in  diseases  arising  from  Bcirrhus  or  inflammation. 

"Seventhly,  during  the  fit  the  pulse  is  not  tjuickened. 

** Lastly,  its  attacks  are  oft«n  aft^er  the  first  sleep,  which  is  a  circumstance  common 
to  many  spasmodic  disorders. 
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"With  respect  to  the  trcEtment  of  this  complaint,  I  have  little  or  nothing  to  advance. 
.  ,  Quiet,  warmth,  and  spirituous  liquors  help  to  restore  patienta 
who  are  nearly  exhaunteiii  and  to  dispel  tlie  efTects  of  a  fit  which  does  not  soon  go  off. 
Opium    taken  at  bedtime  will  prevent  the  attacks  at  night.** 

Heberden's  contemporary,  the  great  John  Hunter,  suffered  from  this 
disease,  and  described  his  attacks  most  vividly. 

The  modem  aspects  of  the  whole  subject  have  been  discussed  in  a 
masterly  way  by  Sir  W.  (Jairdner  as  well  as  in  the  more  recent  monographs 
of  W.  Oaler  and  G.  A.  Gibson. 


I 


CHARACTER    OF    THE    PRECORDIAL    PAlN    AND    CLINICAL   SUMMARY. 

In  Heberden's  description  we  have  epitomized  almost  all  the  clinical 
features.  (1)  The  sudden  attacks  of  oppression  in  the  chest,  with  a  feeling 
of  strangling,  and,  as  Hunter  puts  it,  "as  though  the  sternum  was  being 
drawn  back  to  the  spine,"  or,  in  the  w'ords  of  Matthew  Arnold,  as  "though 
there  w^ere  a  mountain  upon  my  chest."  (2)  The  mental  anguish  (termed 
by  (iairdner  angor  animi),  with  the  fear  of  impending  death,  especially  pro- 
nounced in  John  Hunter.  (3)  The  intense  pain,  nituated  sometimes  in  the 
lower  sometimes  in  upper  part  of  the  sternum,  more  frequently  to  the  left 
than  to  the  right  {although  occa.sionally  to  the  latter),  and  very  often 
radiating  to  the  arm,  especially  the  left.  (4)  Some  of  the  disturbances 
of  sensation;  even  Heberden  sjjeaks  of  numbness  of  the  arm.  (5)  Changes 
in  the  pulse  in  some  cases:  intermissions;  extrasystoles  in  some  cases 
(Hunter);  alternating  pulse  in  others  (Mackenzie).  (6)  The  extreme  pallor 
and  constriction  of  peripheral  arteries  during  the  attack.  (7)  The  sudden 
death.  (8)  The  main  factors  in  bringing  on  attacks, — walking  up-hill^ 
flatulence  and  digestive  disorders,  bending  tlown  in  undressing,  mental 
excitement  or  anxiety,  and  especially  anger;  but  none  of  the  more  gentle 
emotions,  such  as  pity,  sorrow,  etc.,  even  when  felt  intensely.  (The  effect 
of  exposure  to  cold  does  not  seem  to  be  mentioned  by  the.se  writers.)  (9) 
The  a.ssociation  of  the  condition  with  sclerosis  of  the  coronarj'  arteries.  (10) 
Its  fi-equent  a.ssociation  with  abnormal  fatty  depo.sits  about  the  heart 
(cf,  Jenner  and  also  page  S06).  (11)  The  relief  of  symptoms  by  means  of 
opium,  warm  applications,  hot  drinks  (vasodilator  mechani.sms),  and 
counter-irritation  (Heberden).  (12)  Its  incurabiUty,  owing  to  the  seat  of 
the  trouble. 

To  these  points  clinical  ob.servafions  since  Jenner  have  added:  (1) 
The  e.xistence  of  anginoid  attacks  with  several  conditions  other  than  those 
of  coronary  sclerosis,  particularly  with  over-indulgence  in  tobacco,  with 
hysteria,  with  hyperthyroidism,  and  with  other  purely  vasomotor  phe- 
nomena, as  well  as  with  practically  ail  the  valvular  diseases  of  the  heart. 
(2)  The  frequent  association  of  angina  pectoris  with  certain  definite  areas 
of  tenderness  which  represent  spinal  segments  corresponding  to  the  referred 
pain.  (3)  The  occurrence  of  rise  in  blood -pressure  with  each  attack.  (4) 
The  relief  of  the  attacks  by  inhalations  of  amyl  nitrite  and  other  vasodilator 
drugs.    (5)  The  ending  of  the  attack  in  diaphoresis. 

Sir  William  Gairdner  has  called  attention  to  the  occurrence  of  certain 
cases  resembling  Heberden's  angina  pectoris  in  every  way  except  in  the 
absence  of  pain  as  a  symptom  (angina  sine  dolore). 
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Paths  Traversed  by  the  Pain  Sensations. — The  afferent  impulses  from 
the  heart  have  been  traced  by  J.uthvig  and  Cyou  through  the  depressor 
iibrea  of  the  vagus.  It  has  been  shown  by  Eyster  and  Hooker  that  the 
afferent  impulses  from  the  aorta  and  coronary  arteries  do  not  take  this 
eamte  path  but  pass  upward  in  the  main  buiulle  of  the  vagus.  There  is  no 
evidence  from  animal  experiment  that  affcrf^nt  impuLsea  pass  in  any  other 
way;  but  Henry  Head,  as  a  result  of  his  most  exten.sive  studies  upon  pain 
in  visceral  disease,  states  that  this  "produces  impulses  whieh  pass  into 
the  spinal  cord  by  the  white  rami.  The  segment  on  which  they 
infringe  is  excited  and  pain  is  produced.  At  the  same  time  all  potentially 
painful  influences  passing  into  this  segment  from  the  afferent  nerves  are 
exaggerated,  and  ultimately  the  body  wall  may  become  tender." 

These  sensationfl  of  referred  pain  follow  tlie  »nme  path  'as  hM  been  described  by 
Baytiss  for  the  vastxlilator  fibres  with  which  prutoitatliic  sensation  seems  to  be  cloeely 
associated,  as  shown  in  herpes  zoster,  etc,  Prutoputhic  Bensations  are  referred  back  to  the 
diatrihution  of  the  corresponiUn^  nerve  segtnciitii  without  clo;«e  reference  to  the  (xiints 
at  which  they  arise. 

Insensibility  of  the  Heart  to  Touch. — The  heart  itself  seems  to  l>e  devoid  of  tactile 
aensation,  for  Hurvey  eives  the  following  detwriptioti  of  the  condition  in  the  nineteen-year- 
old  son  of  Viscount  Montgomery,  who  had  a  fistuloui*  opening  in  the  chest  wall  over  the 
heart  following  fracture  of  the  rib  in  early  childhood.    The  youth  never  knew  when  we 

tourhw]  his  heart  except  by  the  sight  or  the  sen- 
eation  he  had  through  the  external  integument. 
The  writer  has  found  that  tapping  the  skin  over 
the  heart  of  a  patient  whose  t-hcst  wall  had  been 
removetl  for  einfjyema  paused  in»  sensation,  while 
gri{>ping  the  veni  rifles  caused  a  filing  of  oppres- 
flion  over  the  lower  end  of  the  sternum,  but  no 
extrasystoles  or  pain.* 

Palpitation  and  Anginal  Sensations 
Compared* — The  sensatioDs  which  may  be 
felt  from  the  heart  itself  may  bo  either 
rhythmic  and  felt  as  a  distinct  sensation 
accompanjang  each  systole  of  the  heart, 
such  a.s  the  feeling  of  palpitation,  or  the 
pain  felt  at  each  Iwat  in  some  cases  of 
pericarditis,  est»ecially  those  associated 
with  pneumonia.  The  sensation  in  the 
latter  condition  may,  however,  arise  in 
the  parietal  pericardium,  and  may  have 
nothing  to  do  with  the  heart  itself. 

Sensations  of  palpitation  may  be 
very  distressing,  partly  on  account  of  the 
feelings  of  suffocation  which  accompany 
them,  partly  on  account  of  the  mechan- 
ical shock  of  the  heart  beating  forcibly  against  the  chest  wall  like  a  bird 
in  a  cage.  But,  however  intense  and  distressing,  the  sensation  of  palpi- 
tation is  always  a  pressure  sensation  and  never  one  of  pain.  On  the  other 
hand,  the  real  cardiac  pain  is  never  intermittent,  never  felt  as  a  distinct 
sensation  with  each  beat  of  the  heart,  but,  whether  dull  and  aching  or 

»Sai)o  (Arch.  f.  li.  ge».  Physiol..  !»09,  cxxix,  217)  states  that  touching  the  exposed 
Iieart  of  aa  UDODO'stbvined  rabbit  does  not  even  frighten  the  animal. 


FiQ.  167, — Diwtributiotiof  paiji  in  Bttacka 
of  »n|[ina  p«ctoh».  (Schema Lie,  after  lleul 
and  .Mackensie.)  ASCAO,  area  eorresponrf* 
infl  to  the  ascendixis  aorta;  TH.AO,  area  cor- 
responding to  the  tnuiKverse  aorta;  L.A,R.A, 
area  correBponiliag  to  It^ftaitii  right  auriclca 
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sharp  and  stabbing,  it  has  no  throbbing  quality  about  it.  It  is,  therefore, 
to  a  quite  different  category.  Hirschfelder  has  added  sonic  evidence  for 
this  view  b}'  observing  that  in  some  cases  of  pulpilation  the  sensation 
was  referred  ilefinitely  to  the  root  of  the  aorta,  and  was  exactly  similar 
in  charai't^r  to  other  sensations  of  throbbing  in  the  radial  artery  alone, 
which  were  sharply  localized  along  its  course  and  not  spreading  like  a  pro- 
topathic  sensation. 

Referred  Pains  in  Angina  Pectoris. — James  Mackenzie  and  Henry 
Head  have  called  attaint  ton  to  the  commonness  of  referred  pain  and  tender- 
ness in  angina  pectoris.  Mackenzie  showed  that  there  is  often  tenderness 
in  the  areaiJ  supplied  by  the  sticond 
and  ihini  cervical  segments,  whose 
fibres  along  with  some  from  the 
spina!  accessory  run  down  to  the 
heart,  through  the  vagus.  This  would 
account  for  the  occipital  headachCvS 
and  tenderness  of  the  st<>rnocleido- 
mastoid  and  trapezius  musclea  which 
are  frequently  present.  The  muscu- 
lar tenderness  is  elicited  by  squeez- 
ing gently  between  the  thumb  and 
forefinger. 

The  distribution  of  the  pain  and 
hyperajsthesia,  accortling   to    Head, 
bears  a  close  relation  to  the  chamber  most  affected,  and  particularly  to 
the  somatic  segment  of  the  embiyo  to  which  it  corresponds. 


Fio.  168. —  DiM.ribution  of  attAckn  of  puin  and 
sensory  diHturbanrc«  in  a  raao  of  angina  peotoris. 
(After  Head,  with  permission  of  the  publishers  of 
Brain.) 


Auricles. . . 
Ventricles. 


Ascending  aorta. . . 


Transverse  arch . . . 


Correspond  embryo- 
logically  to 


5,  6,  7,  S  thoracic 
2,3,4,5,6  thoracic 

3  and  4  cervical. . 
CIV 


Deacemling  aorta. .  Thoracic  se^menta 
corresporifliiig 


Pulmonary  artery. 


2-12 
C.V-VIII. 


Ner\'fl  Hupply 


5,6,7^8  segiueut^ 

2-0  thoracic  seg- 
ments 


3  and  4  cervical 

flegn^ents 


CIV 

2-12,  esp.  4-12, 

C.V 


Aaaoeiatnf  phenomnui  and 
paLn  referred  to 


Lower  axilla  aiid  shoulder^ 
blades. 

Chest  wall  from  2d-7th  rib, 
ulnar  surface  of  forearm 
to  wrist,  and  inner  asixjct 
of  iipi:>er  ann. 

Thest'  segments  also  to  3  and  4 
c.  ami  1  thor.  Tendemeaa 
in  neck  of  H(ernoma*toid  and 
trapezius  imiscles.  Tender- 
nesB  aiKl  [mm  at  back  of 
neck.  (Dilatalion  of  pupil?) 

I^aryngeal  areas  of  neck  (4th 
branchial  Imr). 

Back  or  from  of  cheat,  espe- 
cially below  nipple;  abdo- 
men. 

Outer  two-thirds  of  arm  and 
hand;    unu  muscles. 


Thus,  the  auricle.s  (atria),  which  are  the  lilndmost  in  the  development  of  the  cardiac 
tube,  receive  their  innervation  from  ami  refer  their  pain  to  the  fifth,  sixth,  seventh,  and 
eighth  thoracic  segments.    The  ventricles,  the  ue.xt  chambers  Ueadward,  correspond  to 
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the  flepon<l  to  the  sixth  thoracic;  the  ascending  aorta  from  the  semilunar  valves  to  th^ 
origin  of  th*»  ductus  arteriosus  corresponds  to  the  primitive  aorta  with  the  third  and  fourth 
branchial  artery,  and  the  pain  is  referred  to  these  segments  (but  an  aneurism,  etc.,  involv- 
ing thii?  in  arlidt  life  will  also  involve  the  neighboring  nerves  and  the  pain  will  Ite  referred 
to  the  first,  second,  and  third  thoracic  segments  as  well).  The  fifth  to  the  eighth  cervical 
segrnenta,  corresponding  to  the  ptilmonary  arten,',  will  be  involved,  and  pain  may  not 
be  referred  over  these  areas.'  (There  sue  many  notable  exceptions  to  this  rule  even  among 
Head's  cases;  but  there  is  usually  ovcrlapj>ing  of  these  areas.) 

Blood-Pressure  Changes  During  Anginal  Attack. — During  the  attack  of  angina  the 
lilood-preaaure  is  often  high  (Fig.  161>)  though  Mackenzie  find*  that  there  is  often  no  change. 
In  one  case,  under  the  writer's  care,  who  remained  free  from  pain  at  120  mm.  Ilg,  a  rise 
to  130  mm.  was  accompanied  by  pain  from  cardiac  overwork,  while  a  fall  to  105  mm.  caused 
pain  tecause  too  little  blood  was  forced  through  the  curonuiy  vessels. 

Sudden  Death  and  Motor  Disturbances. — The  phenomena  thus  far 
considered  are  purely  sensory;  and  the  question  arises,  what  are,  if  any, 
the  mot4.tr  disturbances  connected  with  anjBfina  pectoris?  It  is  evident  that 
the  cessation  of  the  heart-beat  in  sudden  death  that  occasionally  occurs 

may  be  due  either  to  the  occlusion 


m 


iw 


MD 


m 


100 


Fia.    169 — Btood-preiaure  curve  •hnwiriK  eriiu^a  of 
hypBrlrnsiLru  iluriug  attacks  of  nnKina  pecioria. 
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of  the  arterj'  or  to  a  sudden  onset 
of  complete  heart-block  as  in  the 
Adants-Stokes  sjiidrome.  The  lat- 
ter condition  is  sometimes  associ- 
at.ed  with  angina  pectoris  and  in 
some  cases  due  to  coronary  sclerosis 
(see  page  578),  though  this  is  rare. 
Mufli  more  frequently  the  pulse  be- 
comes regular  after  a  short  time,  or 
sudden  death  from  heart-failure  sets 
in  just  as  in  the  exjieriments  of  Cohn- 
heini  and  v.  Schulthess-Rechberg. 

During  the  attacks  of  angina 
pectoris  the  bloofi-pressure  is  often 
high,  though  Mackenzie  states  that  in  many  cases  there  is  no  change  what- 
ever. This  seems  to  l>e  due  to  a  true  pectoral  vasomotor  crisis  in  the  sense 
of  Pal,  rising  sharply  ^vith,  and  falling  sharply  after,  the  attack,  as  shomi  in 
Ftg.  169. 

ETIOLOGY   A^^>   VARIETIES   OF   ANGINA    PECTORIS. 

The  idea  that  sclerosis  of  the  coronary  arteries  was  the  lesion  which 
caused  angina  pectoris  seems  to  have  originated  not  with  Heberden  but  with 
Etlward  Jenner,  discoverer  of  vaccination,  who  was  so  certain  of  its 
patholog>'  that  before  doing  an  aut-opsy  upon  a  case  he  made  a  Ijet  with  a 
friend  that  he  would  find  thickening  of  the  coronary  arteries.     He  won. 

This  indeetl  seems  to  be  correct  for  very  many  cases  of  fatal  angina, 
since  Huchard  found  coronary  sclerosis  present  in  128  out  of  145  autopsies 
recorded  in  the  literature,  and  most  of  the  others  were  in  cases  of  adherent 
pericardium  of  vahular  disease.  Vernon  (Brit.  M.  J.,  1911,  i,  613),  on  the 
other  hand,  finds  but  50.1  per  cent,  of  coronary  disease  in  a  series  of  283  cases 
collected  from  various  authors.  Osier  calls  attention  to  occasional  deaths 
from  tobacco  and  other  toxic  anginas. 

'His  own  cases  5^^,  57,  and  ,58,  as  well, as  cases  of  manv  other  writers,  show  tenderness 
during  aod  &ftar  attacks  due  to  aneurism  involving  the  ascending  aorta. 


ANGINA   PECTORIS. 


387 


* 


■ 
I 


Angina  Pectoris  Without  Coronary  Sclerosis. — In  1812,  J.  Latham  re- 
ported tt  number  of  cases  which,  in  spite  of  the  occurrence  of  intense  anji^inal 
symptoms,  did  not  run  the  u^ual  course  ending  in  sudden  death,  and  tu  these 
he  gave  the  name  of ''pseudo-angina*'  (angina  notha). 

Bean,  Stokes,  jmd  Graves  also  descril>ed  reflex  and  toxic  fonns  of  angina, 
but  a  much  clearer  Ught  was  thrown  upon  the  subject  by  Nothnagel's  article 
entitled ''Angina  pectoris  vtusomotoria."  He  says,  "We  must  interpret  this 
symptom-complex  to  indicate  that  we  are  not  dealing  with  a  disease  which 
arises  primarily  in  the  heart,  but  that  the  symptoms  of  stenocardia  are  of 
secondary'  origin  and  are  brought  on  by  a  very^  general  spasm  of  the  arteries." 

The  term  "p8eu4lo-angina"  has  been  severely  criticised  by  Balfour  and 
Gil  son,  since  "angina"  is  a  symptom,  not  a  disetuse,  and  in  all  cases  it  is  a 
very  real  one.  Nothnagel's  term»  "vasomotor  angina/'  or  Huchard's  "  reflex 
angina,"  seems  preferable  to  the  writer  on  this  account,  in  contrast  to  "coro- 
nary angina"  as  synon\Tnous  with  "true  angina." 

Theories  as  to  Causation  of  Anginal  Pain. — Many  theories  have  been 
advanced  to  explain  the  causation  of  pain  in  anginal  attacks.  These  may 
be  classified  as  follows: 

(1)  Ischsmia  from  Coronary  Stenosis. — The  original  view  of  Jenner  wa£  later  Bupple- 
mented  by  Allan  Bums,  tliat  the  ultack  niay  be  brought  on  by  asphyxia  of  ihe  heart  niu»cle 
when  there  was  a  diiijtroptirlion  between  the  aniouiit  of  blood  tiowinfc  to  it  nnd  the  atnount 
of  blood  which  it  needetl.  Potatn,  in  1870,  was  tlie  first  to  introduce  the  thoorj-  that, 
angina  fjectoriB  is  due  to  "the  iulemuttent  claudication  of  the  ht-urt  ";  but  Allan  Bums 
had  alrea<ly  completely  deinonstiated  this  eauiiol  factor  in  ISOO  and  had  de.scribed  his 
observalioiis  in  the  followintii  wonis:  "If  we  call  into  vigorous  action  a  limb  round  «hich 
we  have  with  a  mo<lenite  decree  of  tiffhtness  applied  a  ligature,  we  find  tliat  the  member 
can  only  sup|x>rt  its  action  for  a  very  short  time,  for  now  its  supply  of  energy  and  h»  expen- 
diture do  not  balance  each  other  .  .  .  wc  witness  an  induciion  of  an  extreme  de>free 
of  debility  and  we  have  the  patient  coniplaininK  of  an  unusual  i>ainful  feeling  in  the  limb, 
but  still  all  its  muscles  are  in  a  state  of  inactivity.  ...  If  a  person  with  the  arteries 
of  the  lu'art  disease*!  in  such  a  way  as  to  impede  the  progress  of  the  bIoo<l  along  them 
attempt  to  do  the  name  (ascend  a  steep  or  mount  a  pair  of  stairs),  he  finds  that  the  heart 
is  sooner  fatiijiK'^l  than  tlie  other  parts  are,"  and  the  name  pain  results, 

(2)  Ischemia  from  vahoconstrictor  spasm  of  the  coronary  arteries,  which  redtjces 
the  functional  condition  to  the  same  state  as  described  by  Allan  Burns  for  the  coronary 
sclerosis.  This  seems  to  apply  to  the  vasomotor  and  toxic  anginas  and  often  consti- 
tutes a  factor  superimpoeecl  upon  the  ct>rt)nary  sclerosis  in  the  angina  vera.  Such  an 
aetion  of  drugs  upon  the  coronary  vessels  lias  been  demonstrated  on  the  excised  heart  by 
O.  Ixx^ib,  Ijingendorff.  and  VMggers  (see  page  379), 

(3)  Acute  dilatation  of  the  heart,  producing  a  pain  similar  to  that  of  in- 
teatinnl  colic.  This  theorj- particularly  has  been  adhered  to  by  many  writers.  The 
similarity  between  the  anginal  pain  and  that  of  renal,  biliary,  pancreatic,  and  intestinal 
colic  suggests  that  it  l>eIongs  to  the  common  form  by  which  the  visoend  nerves  give 
expression  to  overdiatention.  Some  dilatation  usually  accompanies  the  attack,  and 
seems  to  be  a  primary  cause  of  the  pain  in  cardiac  overstrain  and  in  many  cases  of  val- 
vular lesion. 

(•I)  Neuritis.— It  may  at  times  be  due  to  neuritis  of  the  cardiac  nervea,  or,  on 
the  other  hand,  to  a  neuritis  primary  in  the  brachial  nerves  and  referred  to  the  heart. 
Lesions  of  the  cardiac  plexus  have  Iseen  described  by  Ijincereaux,  Grocco,  and  Benenati.  but 
Herard  and  others  have  failetl  to  find  them.  Neverfheiews  it  is  quite  (xwsible  that  sub- 
stances hke  tobacco  (nicotine),  which  stimulate  sensory  nerves  in  the  heart  and  which  have 
a  specially  toxic  action  upon  the  ganglion  cells,  may  produce  toxic  neuritis  of  the»e  nerves. 

(5)  Neuralgia   of  the  cardiac  nerves. 

(6)  .\ctiou  of  other  constitutior'uj  diseases  Hke  gout,  diabetes,  and  chronic  nephritis. 
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But  it  is  most  probabJe  that  the  effects  are  due  to  the  other  above-mentioned  factors  which 
accompany  these  diseaiies. — art<>riosclerosiB  and  the  presence  of  vasoconstrictor  substances 
either  as  retention  products  or  intenial  secretions. 


ASSOCIATED    CUNICAL    CONDITIONS. 

The  various  conditions  with  which  angina  is  associated  most  commonly 
might  be  t-lassified  as  follows: 

I.  Organic  l/csions, 

A.  Sck'njsis  of  coronary  arteries. 

B.  Aneurism,  eHj.)ecially  of  first  part  of  aKcendinif  aorta. 

C.  Valvular  ie«ions,  especially  aortic  insufficiency.    (Tliis  cuncititutes  a  >'ery 
common  group.) 

D.  Aortic  uiicurif^m,  especially  of  the  sinusee  of  Valaalva  and  the  ascending 
arch. 

E.  Adherent   pericarthum.     (The  moat  frequent  form   which   is  seen   in 
children.) 

II.  Vasomotor  anicinus. 

A.  Hysterical  ty|)e,  most  common  in  women,  associated  with  other  vaso- 
motor lii^tturhanccH  uiul  stigmata  of  hysteria. 

B.  Toxic,  due  to  the  action  of  various  poisons,  especially  (a)  tobacco,  (6) 
caffeine,  taken  both  as  tea  and  as  coffee. 

C.  Associated  with  hyjwrthyroeiism  and  exophthalmic  goitre. 
TIL  Attacks  of  more  or  les«  anginoid  pain  occur  in  rlie  coses  of  acute  dilatation  of 

healthy  hearts,  due  to  primary  cardiac  overstrain. 

Angina  Pectoris  in  Valvular  Diseases. — The  attacks  of  angina  pectoris 
associated  with  coronary  sclerosi.s,  which  represent  the  original  form  de- 
scribed by  Heberdpn,  are  usually  <lesignated  as  angina  vera.  These  are 
very  often  associated  with  valvular  lesions,  especially  with  aortic  insuffi- 
ciency  in  which  the  coronary  lesions  are  usually  continuous  with  those  of 
the  aorta,  but  they  are  also  common  in  association  with  other  valvular 
lesions,  since  it  is  rare  to  find  a  case  of  chronic  valvular  disease  without 
some  disease  of  the  coronary  arteries.  The  presence  of  valvular  disease^ 
therefore,  rather  fuvurs  than  excludes  the  diagnosis  of  coronaiy  sclerosis. 

In  spite  of  the  frequency  with  which  these  two  conditions  are  asso- 
ciated, occasionally  one  encounters  cases  of  angina  with  valvular  disease, 
especially  aortic  insufficiency,  '^vithout  any  disease  of  the  coronary  vessels 
whatever,  a.s  was  well  exemplified  by  a  patient  with  a  rupture<l  aortic  valve 
who  was  for  five  years  untler  observation  at  the  Johns  Hopkins  Hospital. 
During  this  time  he  suffered  from  very  frcquent  attacks  of  typical  angina 
pectoris.  He  died  suddenly  while  at  stool.  Autopsy  showed  ruptui-e  of 
aortic  leaflet.  The  coronary  arteries  were  soft  and  the  walls  were  not 
thickened  anywhere. 

Angina  Pectoris  in  Acute  Dilatation. — It  is  possible:  (1)  that  under 
these  conditions  acute  dilatations  of  the  heart,  due  to  momentary  diminu- 
tion in  tone  of  the  heart,  muscle,  might  be  the  immediate  cause  of  the  pain, 
which  would  thus  l>e  of  primary  cardiac  rather  than  vascular  origin.  (2) 
That  in  such  dilatation,  etc.,  centripetal  stimuli  may  arise  in  the  heart 
which  may  cause  a  general  vasoconstriction.  (This  is  contrary  to  the  usual 
depressor  effect  of  stimuli  arising  in  the  heart,  but  it  is  not  at  all  certain 
that  in  the  presence  of  such  a  pathological  condition  as  angina  pectoris 
the  paths  of  least  resistance  in  the  central  nervous  system  may  not  be  quite 
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different  from  what  they  are  in  the  normal  individual.)  (3)  Miss  Hyde  in 
Porters  laboratory  has  shown  that  dilatation  of  the  heart  in  itself  caused 
diminution  in  the  How  through  the  coronary  arteries,  and  it  is  possible 
that  the  circulation  may  thus  be  diminished  to  a  point  at  which  relative 
ischtemia  of  the  heart  may  set  in  and  canliac  pains  result. 

Angina  Pectoris  in  Aneurism. — Attacks  of  angina  pectoris  are  very 
common  in  cases  of  aneurism  involving  the  asccntling  arch,  and  especially 
hi  early  small  aneurisms  near  the  sinuses  of  Valsalva.  This  has  long  been 
known,  but  is  the  subject  of  an  especially  interesting  article  by  Dr.  Osier 
upon  "Angina  pectoris  as  an  early  symptom  of  aneurism." 

The  anginoid  pains  in  this  condition  are  probably  simply  retle.x,  not  the  result  of 
primary  peripheral  viu*ocon8trictiou,  cardiac  ischia'mia,  etc.,  but  ainiply  the  occurrence  of 
pain  sensation  arising  in  the  aortic  walls  from  overatretelxing  of  the  aorta  uniier  pressure 
heightened  from  amy  cause  whatever,  or  from  increiised  excursjon  of  the  aortic  wull  as  a 
result  of  increased  systolic  ovitput,  etc.,  as  in  so  frequently  seen  In  the  abdomen  in  nervous 
women  with  epigastric  pain  due  to  a  throbbing  of  the  ahdomiiial  aorta.  In  the  later  st;igea 
of  tlie  aneurism,  the  syroptonus  may  be  less  intense,  flue  perhajw  to  the  fact  that  by  erosion, 
etc..  pressure  u^K)n  the  aneurism  ha-s  diminished,  jjerhapa  to  the  fact  that  after  a  lime 
endings  of  tlie  scn.sory  nerves  have  been  ].iennanently  injured  or  rendered  less  sensitive 
by  the  pn>gressivc  change  in  the  aortic  wall. 

Anginal  Attacks  In  Children.— .^iigLiia  pectoris  also  oecure  in  children,  especially  in 
a-ssociafion  with  mitral  KtenoBihi,  as  illustratetl  by  the  follDwing  case:  The  patient  was 
a  boy  age<l  S  who  had  had  rheumatism  in  the  right  hip  two  years  previously,  and  since 
then  "had  attacks  of  pain  over  the  heart,  especially  after  exercise.  The  pain  was  so 
severe  that  it  coniiwlled  him  to  staml  perfectly  stiil  until  it  passetl  ulT;  his  cheeks  became 
blue  and  pale.  He  sometimes  felt  as  though  lie!<i  in  a  rise,  but  never  had  any  feeling  of 
fear.  He  also  had  at  times  pain  on  the  right  side  over  about  the  sixth  rib.  which  was 
sometimes  present  with  that  cm  the  left  side,  but  often  present  without  it .  Exercise  seemetl 
to  bring  on  both.  Examination  showed  a  ver\'  slightly  enlarged  heart  with  systolic  rctruc- 
tion  over  the  fourth  left  interspace,  none  about  origin  of  diaphragm  (Broadbent's  sign 
absent).  Area  of  cartliac  flatne.ss  changes  with  respinilion.  The  first  sound  at  the  af:»ex 
was  snapping  in  character  ani!  was  preceded  by  a  wt-ll-dcline<l  rumble.  Secoml  soun<l  was 
clear,  accentuated  over  the  pulmonic  area.  Pulse  92  [jer  minute,  of  goo<l  vohmie,  regular 
in  force  and  rliythm." 

Such  attacks  are  t|uite  definite  angina  vera  in  the  sense  of  Heberden,  and  indeed  the 
latter  includes  u  similar  case  in  his  list.  In  children  the  association  is,  however,  mucli 
more  commonly  with  valvular  lesions  than  with  coronarj'  sclerosis,  and  |.ierhaps  most 
fre<(uently  of  all  with 

Adherent  Pericarillum.^This  is  an  extremely  common  concomitant  and  cause  of 
anKiiiid  attacks,  esf>ecially  in  children  and  adolescents.  The  pains  are,  |»erhaps,  simply 
reflex  achea  from  tlie  ordinary  lugs  upon  the  pericardium,  perhaps  brought  about  by  the 
stretching  of  the  pericardial  fibres  wbach  occurs  when  the  heart  becomes  dilated. 

VASOMOTOR    ANGINA. 

The  second  giieat  group  of  eases  with  anginal  symptoms  are  those  in 
which  the  anginal  s^inptoms  are  of  purely  vasomotor  ofigin  (Raynaud's 
disease  of  the  heart)  and  are  not  associated  with  ttrganic  lesions, ^the 
angina  pectoris  vasomotoria  of  Nothnagel  (angiiui  pectoris  spuria  of  Latham, 
angines  de  poitrine  reflexes  of  Huchanl).  T!u7  characteristic  phenomenon 
in  this  group  is  the  occurrence  of  g  e  n  e  r  a  1  or  local  vasocon- 
striction ushering  in  the  attack;  that  is,  there  are  nsimlly 
coldness,  numbness,  often  tingling,  weakness,  and  heaviness  in  the  left 
arm.  pallor  of  the  latter,  with  marked  diminution  in  size  and  caliber  of 
the  left  rufliul,  nften  also  of  the  right  radial  artery,  sometimes  of  the  vessels 


i 


390 


DISEASES   OF   THE   HEART   AND   AORTA. 


of  the  leg,  trunk,  and  head.  The  patient  may  become  pale  and  blue  or  the 
lips  ashen,  and  the  course  of  the  attacks  may  exactly  simulate  those  of 
coronary  sclerosis.  Death  in  such  attacks  is,  however,  extremely  rare. 
It  has  occurred  in  several  cases  in  which  no  coronary  sclerosis  nor  other 
lesion  was  present  to  account  for  the  death.  However,  Dr.  Osier  suggests 
that  in  these  cases  there  may  have  been  myocardial  changes  demonstrable 
only  by  the  method  of  Krehl. 

Hysterical  Anj^^tna. — The  most  common  form  of  vasomotor  angina  is 
the  neurotic  or  hysterical  type,  which  is  most  common  in  young  women 
and  is  associated  with  the  other  stigmata  of  hysteria.  It  may  also  occur  in 
men.  For  example,  a  neurotic  young  physician  recently  under  the  writer's 
care  dcvL'loped  anginal  .symptoms  (fear,  precordial  constriction,  pain  down 
left  arm)  after  seeing  a  relative  die  of  angina  pectoris.  He  recovered  after 
being  assured  his  trouble  was  trivial. 


Clinical  Groups  milh  Anginal  SyTrrptoms  and  their  Characteristic  Features 

[modified  J'ro m  liuchard). 

Coronary  Angina. — Site  of  disturbance. — Stenosis  or  obliteration  of  the 
coronary  arteries.  (In  some  cases  valvular  lesion  or  aneurism  only).  Age. 
— Age  of  arteriosclerosis  after  40.  Factors  bringing  on  attack. — Effort  of 
some  sort,  niental  or  physical.  Rarely  spontaneous,  sometimes  nocturnal. 
Not  associated  with  any  other  form  of  neurosis.  Nature  of  pain. — Ag- 
onizing sensation  of  pres.*iure.  Usually  felt  most  acuteh'  l>ehind  sternum. 
Referred  pain  down  arm,  especially  left  arm,  and  over  che.st,  neck,  etc. 
Duration. — 2  to  15  minutes,  stopping  soon  after  standing  still.  Attitude. 
— Silent,  immobile.  Prognosis. — Grave;  almost  always  fatal.  Treatment. 
— Vasodihitors. 

Hysterical  Angina. — Site  of  disturbance. — Central  nervous  system  acting 
through  the  vasomotor  nerve  and  cardiac  plexus.  Age. — At  all  ages,  even 
childhood;  .sometimes  at  menopause.  Most  frequent  in  women.  Factors 
bringing  on  attack. — Usually  spontaneous  onset  without  effort,  often  recur- 
ring at  fixed  hours  ami  associated  with  other  neurotic  symptoms.  Nature 
of  pain. — Pain  le.ss  agonizing,  with  feeling  that  the  heart  is  disteiided — felt 
most  intensely  at  the  apex.  Duration.  — I  to  2  hours,  not  tUmimshed  by 
standing  still,  not  increased  by  walking.  Attitude. — .\gitated ;  walking  about. 
/^ro£?«osi«.^Mild;  never  fatal.  Trcattticnl. — Antineurotics  and  antineuralgies. 

Q astro-! ntestinaL — Site  of  di.'^turbance. — Distention  or  neuralgia  due  to 
gastric  troubles.  Age. — At  all  ages,  especially  among  women.  Factors 
bringing  on  attack. — Not  brought  on  by  effort.  Nature  of  pain. — Precordial, 
not  substernal  pain;  with  fulness  of  chest  and  distention  of  heart  but  less 
radiation.  Signs  of  dilatation  of  right  heart;  increase  of  inverse  tliameter 
to  right.  Duration.  —  1  to  2  hours.  Prognosis. — Death  rare.  Treatment.— 
Antidyspeptie  remedies. 

Tobiacco. — Site*  of  di.'iturbance. — Spasm  of  coronary  arteries.  Factors 
bringing  on  attack. — Angina  associated  with  toxic  disturbances,  veiligo, 
gastric  and  respiratory  troubles.  Onset  spontaneous.  Nature  of  pain. — 
Attacks  associated  i^ith  bradycardia,  intermittent  pulse,  arrhythmia,  pal- 
pitations.    Attacks  longer  than  those  of  angina  vera.     Prognosis. — Death 
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rare.  Attacks  often  disappear  rapidly  on  giving  up  tobacco.  Trmtm^nt.'— 
Stopping  tobacco,  tea,  and  coffee.  Rest  and  mental  quiet.  Li^ht  diet. 
(Anginas  due  to  tea,  coffee,  etc.,  brought  about  by  the  .'sunie  cause.) 

Acute  Cardiac  Overstrain  (with  or  without  Valvular).— A*i7e  of  disturbance. 
^Sudden  dilatation  of  the  heart.  Age. — At  any  age,  but  most  common  in 
young  athletes,  soldiers,  ana'inic  girls.  Factors  bringing  on  aiiuck, — Comes 
on  in  the  midst  of  some  unusual  effort,  such  as  a  mountain  climb,  boat  race, 
a  charge,  or  a  dance.  Nature  of  pain. — In  the  heart  itself,  usually  retro- 
sternal. Associated  wnth  signs  of  dilatation  to  right  and  left,  extreme 
dyspncea,  oft^n  systolic  murmur  ami  arrhythmia.  Duration. — In  maxi- 
mum intensity  a  few  minutes,  after  cessation  of  attack,  the  pains  often 
continuing  or  recurring  as  less  intense  pain,  tachycardia  or  arrhythmia 
usually  persisting  some  time  aft^er  attack.  Attitude. — Immobile.  May 
throw  himself  to  the  ground  in  the  midst  of  the  effort.  Prognosis. — Death 
rare.  Permanent  weakening  of  the  heart  if  the  over-exertion  is  soon  and 
frequently  repeated.  Treatment. — Prolonged  rest  and  general  cartUac 
therapy  until  cardiac  dilatation  has  passed  off;  gradual  resumption  of 
active  life. 

Angina  Pectoris  in  Hyperthyroidism. — Very  ilosely  i-esembling  the 
neurotic  group  arc  the  cases  of  angina  associated  with  exophthalmic  goitre, 
in  which  the  attacks  are  sometimes  more  like  those  of  neurotic,  sometimes 
more  like  those  of  the  coronary  type.  -  The  cnicial  point  in  the  diagnosis 
is  the  detection  of  hyperthyroidism  by  the  application  of  the  numerous 
tests  for  Graves's  disease,  etc. 

A  case  which  has  been  for  the  past  year  and  a  half  and  still  is  under 
the  writer's  care  will  serve  as  type  of  this  condition  (see  page  690). 

Treatment  is  the  same  as  for  the  Graves's  disease  which  is  the  primary 
condition  (see  Part  IV,  Chapter  11),  The  attacks  themselves  may  be 
treated  symptomatically  with  amyl  nitrite,  etc.,  but  the  important  factor 
is  the  treatment  of  tlie  underlying  th.^^ea-se. 

Tobacco  Angina. — ^Anginal  attacks  due  to  tobacco  are  not  uncommon, 
both  in  young  persons  beginning  their  first  excesses  in  tobacco  and  in  older 
persons  whose  over-iiuiulgence  is  adding  itself  to  a  beginning  or  advancing 
coronary  sclerosis.  In  botk  the  symptoms  disappear  soon  after  the  toi>acco 
!s  absolutely  given  up,  persistence  of  the  attacks  more  than  a  few  days 
after  this  being  evidence  that  some  damage  to  the  coronaries  has  occurred. 
The  attacks  themselves  may  verj' closely  resemble  those  of  true  angina,  but 
verv'  frequently  precordial  pains  not  of  an  anginal  character  may  be  felt 
by  smokers  lietween  or  for  some  time  before  such  attacks. 

The  main  factor  in  the  efTect  of  tobacco  smoke,  a«  phowu  by  Ralner  and  Lee,  is  the 
iiicolim*.  although  siimii  amounts  of  HCN,  CO,  and  pyridine  bases  are  present  in  the 
smoke.  Moreover,  it  is  prot>able  that  the  action  of  smoked  tobacco  is  exerted  especially 
Ufwn  the  coronary  arteries,  because  it  enters  the  heart  directly  from  the  pulmonary  vein 
without  preliminary  dilution  in  the  f>eripheral  circuJation. 

Nicotine  seems  to  have  the  efTrct  of  (I)  stimnlatinp  the  vagus,  (2)  producing  vascv 
constriction,  (3)  thereby  of  ratsinK  the  blood-pressure.  (4)  Kravkov  (Roussky  Vrateh,  1914, 
xiii,  1 1  found  that  nicjotine  cavised  constriction  of  the  coronarj'  arteries,  which  may  oxpbin 
tohacco  angina  entirely.  Moreover,  Jackson  and  Matthews  have  recently  shown  for  aconite, 
which  in  many  wa>'s  is  a  similar  drug,  that  much  of  its  action  Is  exerted  through  stimulation 
cjf  the  sensory  endings  of  the  ilepre^sor  nerve.  It  is  possible  that  nicotine  angina  ia  due  in 
part  to  similar  sensory  stimulation. 
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Angina  in  Acute  Dilatation,— The  attacks  of  pain  and  precordial  dis- 
comfort during  acute  cardiac  overstrain  and  tlilatation  may  reach  anginoid 
intensity,  as  was  noted  by  da  Costa  among  the  soldiers  of  the  Civil  War. 
He  not  infrequently  encountered  patients  who  had  sufTered  so  intensely  in 
the  midst  of  a  charge  that  they  coukl  endure  it  no  longer  and  had  thrown 
themselves  to  the  ground,  exposed  to  almost  certain  rleath  from  the  point- 
blank  fire  of  the  enemy,  rather  than  continue  to  bear  the  torment  within 
(page  189).  These  pains  are  usually  retrosternal,  often  with  numbness  of 
the  arms  and  tingling  in  the  fingers,  ami  associated  with  feeling  of  compres- 
eion  ami  with  palpi Uition.  These  pains  occur  in  otherwise  healthy  persons 
dui-ing  the  height  of  supreme etTort,  while  in  patients  with  myocardial  weakness 
or  coronary  sclerosis  only  a  slight  effort  or  indeed  even  emotional  excitement 
may  suffice  to  bring  them  on, 

DIAGNOSIS. 

The  actual  differentiation  of  the  various  groups  is  not  always  easy  in 
the  individual  cases,  as  one  frerpiently  has  a  coronary  sclerosis  with  a 
tobacco  angina  superinduced  upon  it,  a  gastric  etiologj'  where  there  are 
already  attacks  of  angina  vera,  etc.,  and  since  it  is  a  safe  rule  never  to  diag- 
nose the  milder  conditions  until  the  more  serious  can  be  ruled  out  with 
reasonable  probability.  These  cases  may  cause  the  physician  anxiety, 
since  he  remains  uncertain  whether  to  expect  sudden  death  or  whether 
he  is  dealing  with  a  comparatively  mild  condition. 

Case  Illusttiatin'o  Doubtful  Diagxosib. 

E.  W.,  widow,  aged  65,  has  hod,  since  her  menopause  at  54,  occasional  attacks  of 
precordial  p  u  i  n  ,  most  intense  jiiist  behiiid  the  stenuiin  and  e«|)ectaJly  about  the  level 
of  the  third  costal  cartilage.  She  feels  as  though  some  one  were  bor- 
ing throiipli  from  sternum  to  spine  with  a  sharp  tnstniment.  The  pain  ia 
also  felt  o%'er  the  left  side  of  the  chest  and  down  the  left  arm,  which  sometimea 
becomoa  numb,  coM,  weak,  and  heavy.  During  the  attack  she  feela  as^tliough  the 
end  has  come."  These  attacks  come  on  apparently  spontaneously  without  definite  aaso- 
ciation  with  either  emotional  disturbance,  ex[>oeure  to  cold,  or  njusciilar  effort.  They 
last  an  hour  or  two  and  are  relie\'e<.l  by  arayl  nitrite  or  nitro>f[yccrin.  .She  feels 
weak  for  a  day  or  &o  after  an  attack,  but  at  other  tirne.H  m  extremely  active  for  her  age 
and  rarely  short  of  breath.  The  patient  i«  not  at  all  neurotic.  8he  has  uwed  coffee  and 
beer  in  moderation  all  her  life.  It  must  be  added  that  near  the  end  of  the  menopause 
an<l  t>efore  the  first  cardiac  attack,  ehe  had  a  severe  spell  of  grippe  which  kept  her 
in  bed  for  foiu*  weeks  and  left  her  \ery  much  pm«trate<J. 

On  physical  exaniiniition  the  patient  is  well  nourished.  Slightly  emphynetnatouB, 
but  lungs  otherwii*e  normal.  Heart  not  enlarged;  action  regular  in  force  and  rhythni; 
sounds  clear,  neither  Bccond  pnun<l  e,'*|>ecially  acx^entuated.  Pulse  Ijetween  attacks  is  of 
goorl  large  volume  and  quality,  a|*paretitly  al»out  normal  tension;  vessel  wall  not  specially 
thickened.  No  ascites.  Liver  not  enlarged.  Feet  always  swollen  from  varicoee  veins, 
not  esjiecially  so  <luring  or  after  attack.K. 

In  this  case  the  question  of  crucial  importance  is  whether 
the  angina  is  due  to  the  occurrence  of  the  menopause  and  ia 
neurotic,  or  to  the  influenza  which  she  contracted  about  the 
same  time  and  which  may  have  b  rough  t  on  a  coronary  sclerosis. 
The  attacks  themselves  resemble  angina  vera,  although  their  duration  is  longer  than 
usual.  The  age  of  the  patient  ami  the  history  of  severe  influenza  also  are  in  favor  of  coro- 
nary sclerosis.  On  the  other  hand,  the  fact  that  ordinary  exertion  does  not  seem  to  bring 
them  on,  but  that  they  occur  when  the  patient  is  moderately  quiet,  is  in  favor  of  the  neu- 
rotic.   It  must,  however,  be  borne  itt  mind  that  the  patient's  statements  in  tltus  regard 


may  be  inaccurate,  and,  further,  that  m  occaaloDal  caeee,  where  the  diagnosis  of  ftmctionaJ 
angina  seemed  quitp  well  established,  autopsy  has  shown  dffiiiite  coronary  sclerosis.  It 
seems  impossible  to  establiah  a  dehnite  diapnosis  here,  and  the  maDapement  of  the  case  is 
therefore  directed  toward  the  Bevcrer  form,  onlerinig  as  quiet  a  life  as  the  patient  will  cHTty 
out  {sinfe  i)oUi«!ium  iodide  is  not  well  Ininie),  vigorous  use  of  ainyl  nitrite  and  nitroglycerin 
at  the  time  of  the  attacks,  and  er>  throl  fetranitrate  thereafter.  A  diet  of  small  quantities 
of  fotxl  low  in  purin  bodies  and  salt  is  innLsted  on. 

Since  these  measures  have  been  instituted  she  has  remained  entirely  free  from  angina 
attacks  for  two  years,  in  spite  of  another  attack  of  influenza.  Theae  facts  arc  in  favor  of  a 
reflex  origin  of  tne  condition. 

Differentiation  from  Abdominal  Diseases.— Angina  pectoris  is,  as  a 
rule,  easily  ciifferentiatecl  from  other  diseases,  thouph  occasionally  an  attack 
of  biliar>',  pancreatic,  or  left  renal  colic  referred  to  the  shoulders  ur  even 
intestinal  colic  high  in  the  cpigjistrium  may  closely  simulate  it,  Careful 
physical  examination  and  location  of  the  areas  of  tenderness  over  the 
afifected  viscus  should  rule  out  this  error. 
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TREATMENT. 

The  treatment  of  angina  pectoris  can  be  divided  into  two  divisions:  Pro- 
phylaxis against  attacks,  and  treatment  during  the  attack. 

Since  the  anginal  attacks  are  brought  about  chiefly  by  anxiety,  exertion 
and  overeating,  effective  prophylaxis  shuuld  be  directed  at  these  provocative 
factors. 

The  patient's  mode  of  life  and  habits  should  Im?  carefully  inquired  into 
in  every  detail  to  determine  all  the  sources  of  wavsted  energj',  emotional  and 
physical,  and  an  attempt  should  be  made  to  readjust  his  habits  and  manner 
of  life  so  as  to  admit  of  the  greatest  conservation  of  energy.  Verj'  often  hurry 
and  worrj',  and  not  the  effort,  inherent  in  the  work  itself,  represent  the 
patient's  greatest  expenilitures  of  energy,  and  if  the  patient  foilow.s  advice  to 
cut  out  unessentials  and  to  perform  the  essential  work  and  movements  with 
great  deliberation  he  may  be  spared  many  anginal  attacks.  One  of  the  chief 
modes  of  wasting  energy''  is  rapid  talking;  and  much  good  may  be  accom- 
plished by  drilling  the  patient  in  slow,  delilxrate  speech. 

One  patient,  seventy-two  years  okl,  under  the  writer's  care,  who  had  been 
sufTering  daily  attacks  of  angina  vera,  remained  free  from  pain  for  several 
years  merely  by  changing  from  quick  and  nervous  to  slow  and  deliberate 
movements  and  observing  a  few  of  the  essential  precautioms  iliscusvsed  on 
page  215.  It  was  shown  to  him  that  by  ascending  a  staircase  slowly  at  the 
co.st  of  a  minute  or  two  extra  time,  he  saved  him-self  several  hours  daily  that 
would  have  l>een  lostjn  recuperation  from  attacks;  that  rising  rapiilly  from 
a  chair  or  suiitlenly  striding  across  a  room  cost  almost  in  hours  \ii'hat  they  saved 
in  seconds,  and  that  in  ever>'  way  for  the  anginal  patiei^t  *' Haste  makes 
waste,"  and  brings  pain  in  its  "wakc. 

He  should  be  taught  that  worry  has  the  same  effect  as  bodily  exertion  in 
bringing  on  attacks  and  that,  for  the  angina  patient,  it  is  better  meekly  to 
submit  to  any  condition  than  to  allow  himself  to  be  subject  to  worry  in 
striving  against  it. 

The  patient's  diet  should  be  carefully  investigated  and  any  articles  of  food 
which  seem  tf)  l)ring  on  attacks  should  be  carefully  avoided.  One  of  the  most 
important  factors  in  such  digestive  disturbance  is  rapid  eating.     Flatulence 
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and  air  swallowing  contribute  largely  both  to  discomfort  and  pain  and  these 
may  sometiincw  be  controlled  by  vaieriun. 

The  attacks  themselves,  once  precipitat«l,  demand  immediate  attention. 
Absolute  quiet  is  usually  assumed  sixjiitaneously  by  the  patient  himself. 
The  condition  usually  tlemands  treatment  with  tbugs. 

For  the  milder  attacks  the  milder  vasodilators,  such  as  a  little  branrlj' 
or  a  teaspoonful  uf  spiritus  a»theris  nitrosi,  oft^n  accompanied  by  half  a  tea- 
spoonful  of  aromatic  spirit  of  ammonia,  usually  suffice,  but  the  more  severe 
ones  require  the  inhalation  of  a  few  minims  of  amyl  nitrite  or  the  adminis- 
tration of  one  or  two  drops  of  ^•pirit  of  nitroglycerin. 

The  administration  of  the  nitrites  introduced  by  Sir  Lauder  Brunton  in 
18G7  is  often  almost  specific  in  its  action,  but  in  other  cases  aljsolutely  fails. 
Both  the  success  and  failure  of  these  drugs  seem  to  dei>end  upon  the  condition 
of  the  coronarj^  circulation  as  was  well  illustrated  in  a  case  of  coronary  angina 
under  the  writer's  care  in  1912.  This  patient  was  free  from  pain  when  her 
blood-pressure  wjis  120  iran.  Hg,  but  suffered  pain  whenever  it  rase  to  l^iO 
or  fell  to  110.  At  130  it  was  relieved  by  nitrites  l>ecause  the  blood-pressure 
was  returned  to  120,  the  overwork  of  the  heart  relieved  and  an  optimal 
coronary  circulation  re-established.  At  110  it  was  aggravated  by  nitrites, 
because  the  blood-pressure  wa.s  brought  down  to  IIK)  or  105,  and  this  was  too 
low  to  drive  enough  blood  through  the  coronaries  to  nourish  the  heart  mu.scle. 
The  low  pressures  require  heart  stimulants,  the  higher  pressures  require 
vasmhlators. 

The  blood-pressure  may  be  kept  down  with  sodium  nitrite  f.OG  to  0.12 
Gm.,  gr.  i  to  ii),  whose  action  lasts  one  or  two  hours,  or  with  erjahrol  tetra- 
nitrate  (.03  to  .00  CJm.,  gr.ss  to  ij  whose  action  lasts  four  to  five  hours. 

When  the  blood-pressure  is  too  low  digitalis  or  strophanthin  should  be 
given  continuously  during  the  periods  when  attacks  are  fretjuent  and  for  a 
few  days  after  an  attack.  The  digitalis  enay  well  be  administ^'red  along  with 
nitrites  in  order  to  maint^iin  dilatation  of  the  peripheral  and  coronary  vessels 
throughout  the  periotl  of  its  action. 

In  severe  attacks,  the  pain  may  be  so  severe  that  it  may  require  mor- 
phine to  subdue  it,  and  the  m(;>st  severe  attacks  resist  even  the  action  of 
morphine.  If  morphine  is  used  with  frequency  it  should  be  accompaniwl  In- 
small  dose.*;  of  atropine  in  order  to  inhibit  the  effects  upon  the  respiratory 
centre  and  tlie  production  of  cardiac  asthma  during  the  stages  of  mtirphine 
habituation. 

Between  attacks,  l>romides  in  large  doses  may  Ix'  of  some  benefit  by 
quieting  the  anxious  mind  of  the  patient  and  thus  wartting  off  the  attacks 
that  might  hv  brought  on  through  mental  excitement. 

Potassium  lodide,^ — Potassium  iotliile  in  moderate  doses — 0.3  Gm.  (gr.  v) 
to  4  Gm.  (:5i)  t.i.d. — should  lie  given,  as  it  sometimes  seems  to  dimini-sh  the 
frequency  and  severity  of  attacks. 

Caffeine,  Theobromine,  and  Theophylline. — Gaffeine  and  especially 
th€K>bromine  and  theophylline  preparations — especially  acettheobromine 
sodium  ("agurin")  and  acettheophylline — have  been  highly  recummended, 
from  the  clinical  stand-point,  by  Askanazy,  Kaufmaim  antl  Pauli.  R.  Breuer, 
Buch,  Pineles,  v,  Leyden,  and  others,  to  reMeve  and  to  ward  off  the  attacks 
of  stenocardia. 
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Oswald  Loeb  has  given  an  experiuieiital  bitsia  to  these  observations  by  demonstrat- 
ing on  the  excised  heart  that  these  drugs  incretisc  the  blood  flow  through  the  coronary 
veaeele  as  well  as  iiicreaise  the  systoUc  output  and  the  force  of  the  heart-tieat.'  Theobromine 
ftnd  theophylhne  are  to  b<!  preferred  to  cnfTeine,  since  they  do  not  increase  peripherMi 
rcsifrtance  and  have  little  action  upon  the  higher  ner\'ous  centres,  but,  on  the  other  hand, 
a  more  marked  action  on  the  coronary  arteries.  On  the  other  hand,  they  are  not  very 
certain  in  produeinR  then  effect.  They  may  be  helpful  in  some  cases  and  may  absolutely 
fail  in  others,  and,  while  they  are  worthy  of  a  trial  in  olniost  every  case,  they  cannot  as , 
yet  be  expected  to  supplant  the  nitrites  and  icKlidc». 

Diet. — Diet  i.s  all-importaxit.  It  should  he  chiefly  lactovege- 
t  a  r  i  u  n  iin  character.  The  meals  should  bo  s  m  a  1 1  in  amount ,  to  pre- 
vent overloading  and  distention  of  the  stomach  and  hence  the  pushing  up 
of  the  iliiiphnigni.  Gastric  fermentation  should  l)e  prevented 
liy  it'ino%'ins  from  the  diet  any  articles,  such  as  soft  hot  breads,  heav>'  and 
grt'xsy  pastn%  etc.,  which  may  Im-  found  to  produce  flatulence,  and  by  genera! 
treatment  of  the  gastric  condition.  Air-swallowing  should  be  care- 
fully looke<i  for  and  treated  (see  page  705).  Meat  and  soups  should 
be  reduced  to  small  quantities,  since  they  contain  considemble  quantities 
of  purin  h>odies  which  have  a  vasoconstrictor  action  and  which  also  act 
injuriously  upon  the  kidneys.  The  vegetable  and  cereal  foods  should  make 
up  the  bulk  of  the  diet.  Salt  should  be  reduced  for  the  same  reason.  Liquids 
should  \w  restricted  to  about  1500  c.c.  a  day. 

Milk  may  lx»  a  staple  article  in  the  diet,  unless,  as  in  many  persons, 
it  tends  to  flatulence.  This  is  sometimes  obviat^'d  by  a<liiing  a  very  little 
weak  tea  or  coffee,  but  very  often  it  must  Ix*  dispensed  with  altogether. 

Tobacco  should  be  absolutely  excludeil  in  Ixtth  organic  and  func- 
tional cases. 

Tea  and  coffee  in  small  amoimts  (one  cup  a  day,  \'er>-  weak)  probably 
have  ver>'  little  eflfect  ujKtn  the  average  individual  who  has  Ix^-n  accuatometi 
to  tht-m,  but  may  l>e  quite  imiwrtant  factt^rs  in  bringing  on  the  attacks  in 
ptTsons  whose  sensitiveness  is  a  Uttle  alx>ve  noraial  and  in  whom  there  is  a 
tendency  to  angina.     It  is  best  ff)r  them  to  Iw  given  U]>. 

Local   Treatment   of   the  Chest  Wall.^ — Vigorous  eounter-irritation  toJ 
the  chest  wall,  l>y  1>li.«itering,  etc.,  is  also  of  value,  and    Hasseibach   andi 
Jacobaeus  report  ver\-  marked   improvements,  lasting  a  year    or  so,  from 
expf)siire  of  the  precordium  to  the  Finsen  light  for  an  hour  a  day  until  a 
marked  cutaneous  reaction  or  even  blistering  has  .set  in. 

Electrical  Treatment. — J.  0.  Hirschfelder  states  that  in  five  ca.ses  he 
has  (jlttuined  striking  relief  of  the  symptoms  by  treatment  with  the 
galvanic  current,  applying  the  anode  (a  pad  4  cm.  in  diameter) 
to  the  neck  over  the  course  of  the  vagus,  and  the  cathode  (6-12  cm. 
in  diameter)  to  the  precordium,  and  passing  a  current  of  2  0  m  i  1  I  i  a  m  - 
p  e  r  e  s  for  five  minutes  to  each  side  of  the  neck.  One  patient  remained 
free  from  attjicks  until  his  death  two  years  after  the  treatment;  another  has 
remained  free  for  st^veral  years.  In  the  other  three  the  relief  was  less  per- 
manent, but  still  very  gratifying. 

'  Dr.  G.  S.  Bonil,  in  the  writer's  laboratory,  has  been  unable  to  produce  any  appre- 
ciable change  in  the  outflow  from  the  coronary  veins  of  the  dog's  heart  in  aitu;  and  with 
the  am>'t  nitrite  and  nitroglycerin  obeeived  a  marked  decrease  in  the  outflow,  even  when 
the  animal's  heart  was  dilated. 
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In  other  cases  the  uso  of  electric  baths,  and  especially  with  the 
si  nusoidal  current,  may  be  of  value  (Rumpf),  but  the  effet-l  is 
readily  overdone.  Sir  William  Ewart  recommends  inhalations  of  CO,  (ace  j 
page  234). 
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PART  IIL 


1. 

ENDOCARDITIS. 

In  spite  of  the  greater  frequency  of  arteriosclerosis  and  myocarditis, 
the  clinical  pictures  of  valvular  diseases  are  so  much  more  definite  as  to 
render  them  the  most  striking  of  all  diseases  of  the  heart.  They  constitute 
indeed  a  large  percentage  of  all  diseases  seen  by  the  physician,  numbering 
17S1  (7.6  per  cent.)  of  the  23,200  cases  admitted  to  the  medical  service 
of  the  Johns  Hopkins  Hospital  from  1SS9  to  1908. 


HISTORICAL. 

VieusKCiM  in  1715  described  lesions  of  the  valves  occurring  in  the  form  of  warty  or 
cauliflower  excrescences  or  ^cgetalion^,  which  prevented  the  closure  of  the  valves.  Vir- 
chow  calleil  attention  tu  the  fact  that  as  a  rule  these  vegetutions  were  not  situated  at  the 
niarcins  of  the  cuspw,  but  at  a  little  distance  fronn  the  margin,  at  the  line  of  closure  where 
the  cueps  atnick  together,  at  the  point  where  injurj'  to  the  entiorhelial  cells  was  most  likely 
to  occur.  That  this  injury  was  usually  due  to  the  action  of  bactoaa  was  shown  when  WiniJre 
and  Uciberg  and  Virchow  in  1869  demonstrated  microscopically  the  presence  of  minute 
granules  within  the  vegetations.  In  1KS3  VVeichselhaum 
cultivated  staphylococci  and  streptococci  from  enclocardial 
vegetations,  and  his  pupil  Wyssokowitch,  as  well  as  Orth 
and  Kibbert,  produced  them  experimentally  in  animals  by 
the  injection  of  bacteria  into  the  bloo<l. 

!•  ATHOLOtiUAL    ANATOMY. 

Development  of  the  Lesions. — Mechanical  or 
toxic  injury  is  an  important  factor  in  bringing 
about  these  lesions  upon  the  valves.  Indt^ed 
Wyssokowitch  foimd  that  his  experiments  suc- 
ceeded only  after  he  had  punctured  or  injured 
the  valves  with  probes;  while  Ribbert  supplied 
the  mechanical  factor  by  injecting  emulsions 
of  potato  cultures  which  contained  .small  masses 
of  potato  that  hurled  themselves  against  the 
valves.  E.  C.  R<xsenow  has  shown  that  vege- 
tations are  due  to  the  lodging  of  emboli  of  ag- 
glutinated cocci  within  the  valves  and  are  best  produced  when  the  valves 
are  vascular.  The  fibrinous  exudate  is  poured  out  rapidly  ahfr  the  injury, 
and  is  whipped  into  strnnda  by  the  action  of  the  current,  so  that  within 
one  hour  aft^r  mechanical  injury  of  the  aortic  valve  a  mass  of  fibrin  having 
the  cauliflower  shape  of  a  vegetation  may  be  found  fiLling  the  hole  in  the 
valve  (Hirschf elder). 
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Fjo.  170.  —  Fibrinous  deposit 
upon  an  aurtic  rij!<p  one  hour  after 
mechanically  injuriiij;  thi*  valve, 
Bhowitig  }iuw  the  oauliflowpr- 
ptiapefj  mass  of  fibrin  ten<i*  to  plus 
ttip  hole  in  tiie  valve.  (KituincM 
of  the  John«  Hopkins  lIuspitAl 
Bulletiu.j 
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lUcerative  Endocarditis. —The  fate  of  this  fibrinous  exudate  and  the 
type  of  the  lesion  varies  with  the  virulence  of  the  germ.  If  the  virulence 
is  high  the  lesion  is  often  large  and  may  involve  the  walls  of  the  auricle 
or  ventricle  (mural  endocarditis)  as  well  as  the  cusps  of  the  valve  (valvu- 
Uth),  The  necrosis  spreads  into  the  deeper  tissues  of  the  valve  or  even 
penetrates  through  it,  and  the  vegetation  consists  of  a  mass  of  degenerated 
fibrin,  clumps  oi  bacteria,  and  necrotic  tissue  (Fig.  174)  rich  in  polymor- 
phonuclear leucocytes.  Under  the  influence  of  the  ferments  which  these 
secrete,  the  masses  become  partly  liquefied,  so  that  their  attachment  to 
the  cusps  is  loosened  and  they  may  bo  readily  swept  off  as  emboli  by  the 
force  of  the  blood  stream  only  to  cause  infarction  and  abscesses  in  dis- 
tant tissues.  Such  emboli  naturally 
vary  in  size  from  a  small  bit  of  fibrin 
barely  capable  of  plugging  a  capillary 
to  a  mass  almost  the  size  of  the 


Kin.  171.  —  Mitral  pjidocarditis  nhowiriK  large 
vficeiAlionx.  .4.  mural  purtion  ui  the  vegetatiouii; 
B,  vegetAlto»i»  alone  litie  <i)f  clueure. 


Fin.  172. — Injecttou  of  cliri>nicRll.v  iuflamed  %'alve 
(After  V.  LuTigpr.} 


valve  itself.  However,  they  rarely  roach  the  tremendous  size  attained  by 
the  non-septic  emboli  which  arise  from  intra-vitam  thrombi  in  the  auricles. 
Chronic  Endocarditis. — When  the  bacteria  upon  the  valves  are  less 
virulent  or  the  immunity  of  the  patient  develops,  a  different  process  occurs. 
The  areas  of  necrosis  are  smaller  and  arc  walled  off  with  leucocytes.  Later 
these  give  place  to  the  fibroblasts  and  plasma  cells  of  chronic  inflammation, 
which  in  turn  are  replaced  by  strands  of  newly  formed  connective  tissue, 
which  push  out  into  the  exudate  and  finally  replace  it  altogether,  leaving 
a  solid  vegetation  composed  entirely  of  fibrous  tissue.  With  the  ingrowth 
of  connective  tissue  blood-vessels  penetrate  into  the  vegetation,  entering 
it  from  the  subendocardial  layers  of  myocardium  just  as  they  enter  scle- 
rotic patches  in  arteriosclerosis  (Koestcr,  v.  Langer,  Darier,  Ribbert),  Fig. 
172.  As  healing  becomes  complete  the  endothelial  layer  of  the  intima 
slowly  grows  in  from  the  periphery  and  gradually  covers  the  entire  vegeta- 
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tion.    This  relining  of  the  vegetation  with  endothelium  is,  from  a  prog- 
nostic stand-point,  a  most  important  step  in  the  healing,  for,  as  Wyssoko- 
witch  has  shown,  infection  occui-s  most  readily  when  the  surface  of  the 
valve  is  injured,  and  clinical  experience  shows  that  a  valve  once  injured 
is   particularly   liablo  to   rein- 
fection.   Thus,  it  is  common  to  /;/•,   ^ 
find  a  fresh   uleertitive   endo-                                                 '    ^'5k^ 
carditis  occurring  upon  a  valve       Muscular  tissue...,  '^ 
which  is  already  the  subject  of                           ^'"^'^- 
a  chronic  endocarditis,  several 
different  stages  appearing  upon 
the  same  specimen. 


Fjbro* 
clastic 
ti&sue  of 
valve- 
leadet- 
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The  most  important  infec-  Endo- 
tive  agents  m  the  causation  of 
endocarditis  are  the  micro- 
e  o  c  c  u  s  of  rheumatic  fever, 
the  pyogenic  cocci,  the 
pneumocoecus,  the  gono- 
coccus,  the  bacillus  influ- 
enzfie,  and  the  spirochaete 
pallida  (triponema  palUdum) 
of  syphilis.  _     . 

Rheumatism. — By  far  the  lendmca?' 
most  frequent  cause  of  heart 
dliseasc  is  rheumatism,  which 
gave  rise  to  62.6  per  cent,  of 
Horder's  cases  of  malignant 
endocarditis,  and  occurs  in 
about  the  same  percentage  in 
the  milder  forms.  However, 
the  exact  causal  factor  of  rheu- 
matism itself  is  not  yet  settled. 
SahU  in  1893  isolated  what  he 
thought  to  be  a  staphylococcus 
from  joints,  endocardium,  and 
the  heart's  blood  of  patients 
dying  of  acute  non-suppurative  arthritis,  and  then  stated  that  he  ''re- 
garded acute  articular  rheumatism  aa  an  infectious  dis- 
ease due  to  the   action  of   attenuated  pyogenic   cocci."* 

Recently  Menaer  and  Rufus  Cole  have  revived  this  view,  and  the  latter  has  produced 
non-suppuralive  arthritis  and  endocarcHtia  in  rabbila  by  the  injection  of  streptococci  from 
various  sources,  showing  also  that  in  the  joints  tlios*j  assume  the  diplococcus  arrangement. 

Triboulet,  Wassermann,  Weatphal  and  Malkoff,  and  Poynton  and  Paine,  however, 
regard  the  raicrococcuB  (diplococcus)  which  they  have  obtained  in  cuimm  of  tlie  rheumatio 
cycle  aa  a  specific  organum  or  at  least  a  specific  stmin,  thougli  Walker  h&s  shown  that  its 
cultural  chw^ctcrjstics  are  by  no  means  sharply  defined.  The  Biicrococcus  (rheunrnt-icua) 
of  Poynton  and  Paine  assumes  the  di[)lococcus  fomi  in  the  joints  \mi  becomes  &  strep- 


PapillATy  miiscle- 


Fiu.    173. — Structure  of   «!«<»   nnrnml    AurtculnventriouJar 
valve.     (After  Pipreol.) 
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Fia.  174, — Photomicrogrsph  of  a  opccimen  showing  acute  and  mbacute  endocaniido  leeiona  upon 
the  mitral  valve.  A.  Eutire  opecimeri  (low  power).  B.  OutJiue  sketoh  showing  the  portittn.x  from  which 
C.  D.  and  E  are  taken,  (',  Margin  of  the  area  of  acute  enilocarditia  (high  pow«rl.  D.  Ulcerating  area, 
showing  inawc«  of  nrfrotic  tiMiue  and  exudate.  £.  Area  where  the  process  is  mora  chrooio,  showing 
strands  of  newly-foniied  fibrous  tiMue  entering  the  vegetation. 

tfocarditis  in  46  per  cent,  and  myootirditis  in  44  per  cent,  of  the  71  animal  injections,  while 
older  fulturcs  of  the  siimc  germ.s  yielded  only  21  jier  cent,  of  i>ositive  reaulta.  No  other 
strains  of  Btreplorort-i  from  various  sources  yielded  such  a  high  jjercentiiRp,  except  those 
from  endocarditis  which  yielded  Si  per  cent,  of  endocarditis  lesions  in  44  rabbita,  but  only 
15  per  cent,  of  them  developed  arthritis. 


The  Pyogenic  Cocci.— The  pyogonic  cocci  of  puerperal  fever,  abscess, 

and  st'pticienii.H  are  also  very  common  cauHew  of  endocanlitis.  They  are 
ick'titifiod  with  special  frequency  in  the  nialiprnant  fijrnis,  oiving  to  the  readi- 
nes.s  with  whieh  they  are  then  cultivated,  hut  there  seems  little  doubt  that 

less  virulent  strains  arc  responsible  for  cases  of  chronic  endocarditis  as  well. 
26 
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Pneumococcus. — Wells  found  that  the  pneumococcus  caused  endo- 
carditis in  4  per  cent,  of  his  517  autopsies  upon  cases  dying  of  pneunwnia, 
and  hence  the  latter  disease  is  a  relatively  frequent  cause  of  endocarditis. 
Lenhartz  states  that  the  endocarditis  often  arises  as  a  recrudescence  after 
the  fever  from  the  original  pneumonia  has  subsided  (13th  to  loth  day),  and 
that  it  is  often  malignant  and  accompanied  by  meningitis. 

Qonococcus.— The  importance  of  the  gonoeoccus  in  producing  endo- 
carditis as  well  as  rheumatism  is  growing  from  year  to  year. 

The  clinical  aasociation  of  endocarditia  and  urethritis  waa  recognized  by  Ricord  in 
1847  and  bv  Brandcs  in  1854.  V.  Leyden  in  1893  demousirated  iii>on  the  valves  cocci 
which  decolorized  by  Gram'a  methods,  but  the  first  positive  c  u  1 1  u  r  e  a  of  the 


Fia.  175. — Endocardi tic  teaiona.    A,  ulcersUvo  endocarditia  wilb  perforation  of  one  of  the  aortic  cusps. 
B.  healiKl  chronio  enduflardiUa  of  the  mitral  valve. 


gonococpus  from  the  blood  tJuring  life  woro  mudv  at  the  Johns  Hopkins  Hiwtpita!  by  Thayer 
and  BlumtT  in  1895.  8ince  then  the  condition  haw  b<Hjn  found  fretjiK>ntly,  and  should 
always  be  sought  for  in  cases  of  gonorrhoea!  rheumatism. 

MlscelJaneous  Infections. — Occasionally  endocarditis  arises  durhig  or 
after  Lliplitheria,  sciirlet  fever,  and  smallpox,  though  in  these  cases,  as  in 
tuberculosis,  the  lesion  is  proljably  most  frequently  produced  by  streptococci 
which  are  present  as  a  mixed  infection.  True  tuljerculous  endocarditis  Ls  rare 
(Marshall),  though  it  has  been  produced  experimentally  in  animals  (Michaelis 
and  Blum).  Cecil  and  Soper  (Arch.  Int.  Med.,  1911,  viii,  1)  reported  meningo- 
coccus endocarditis. 

The  bacillus  of  influenza  is  also  an  important  factor  (Austin),  though 
it  has  been  encountered  far  less  frequently  in  endocarditis  than  in  myocar- 
ditis; but  this  germ  must  always  be  reckoned  with,  especially  in  bringing 
on  additional  changes  in  valves  which  have  been  subject  to  previous  infec- 
tion by  other  organisms. 

1  The  term  mkroooticuB  rheumaticua  la  used  for  convenience!  but  with  all  reBervatiooa 
aato  poiijaible  specificity. 
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Syphilis. — Whether  true  valvular  lesions  are  produced  by  the  epiro- 
chaete  pallida  of  syphilis  has  not  been  absolutely  proved,  but  recently 
Collius  and  Sachs  and  Longcope  have  obtained  a  positive  Wassermann 
reaction  in  a  large  percentage  of  cases  of  aortic  insufficiency  in  which  the 
valves  were  puckered,  shrunken,  and  cidcified.  In  these  eases  it  is  not  the 
intima  but  tin?  middle  tibro-elastic  layer  of  the  valves  in  which  the  change 
goes  on,  exactly  analogous  and  usually  (-oincident  with  similar  changes  in 
the  deeper  layers  of  the  intima  and  media  of  the  aorta. 

Sclerotic  and  Atheromatous  Lesions  of  the  Endocardium.  —  Besides 
these  forms  of  endocarditis  there  seems  to  be  a  certain  number  of  cases, 
especially  of  lesions  about  the  aorta,  in  which  sclerosis  and  calcification 
take  place  in  the  fibro-elastic  layer  of  the  valves  exactly  as  in  the  luetic 
lesion,  but  in  which  the  patient  has  never  had  a  luetic  infection  (as  in  the 
case  of  J.  L.,  page  573).  The  similarity  here  is  exactly  like  that  between 
luetic  and  non-luetic  arteritis,  as  shown  by  Ophiils,  and  needs  no  further 
comment. 

PATHOLOGICAL   PHYSIOLOGY. 

The  disturbances  in  heart  action  due  to  endocarditis  may  depend 
upon  three  immediate  causes; 

(1)  The  mechanical  effects  due  to  leaks  or  olwtnictions  at  any  of  the  valvular  orifices. 
(This  will  be  discussed  in  detail  in  connection  with  each  of  the  chronic  valvular  lesions.) 

(2)  Tlie  weakening  of  rhe  heurt  muscle  due  to  the  acute  tuyocatxlitifts  and  the  fatty 
r.and  purcncliyrnutoua  changes  in  the  muscle  cells,  reNuItitig  from  the  diix*ct  invu£<ion  of  the 
^muflcle  fiy  flie  cocci,  from  effect  of  their  toxins  upon  it,  and  from  the  amemia  which  fnc- 

quently  accompanies  the  infection. 

(3)  The  weakening  of  the  heart  which,  att  in  other  febrile  and  infectious  diseases, 
,  lesultM  fr<jm  lowering  of  vasomutor  tone,  and  wliich  is  brought  about  by  a  relative  empti- 
ness of  the  blood-vessels.    Tliis  is  accompanied  by  low  blood-preaKure  and  rapid  pulae. 

In  the  chronic  forms  of  carditis  the  first  is  the  most  important  factor; 
while  in  the  simple  acute  and  the  malignant  forms  the  two  latter  frequently 
outweigh  it,  so  that  there  may  be  few  symptoms  referable  to  the  local 
mechanical  effects  upon  the  circulation. 

Effects  on  the  Circulation. — The  physical  signs  will  be  discussed  par- 
ticularly  in  the  case  of  imlividual  valvular  lesions;  but  in  general  it  may 
be  said  that  a  leak  at  an  orifice  necessitates  an  increase  in 
the  output  of  the  chamber  in  order  to  compensate  for  the 
amount  regurgitating  or  an  increase  in  force  of  contraction  of  the  cham- 
ber behind  it.    Thus,  in  mitral  insufficiency, 

Ventricular    t«ystoiic    output  =  Output    into    aorta  4- l3ackHow 
into  auricle; 

while  in  aortic  insufficiency 

Ventricular    systolic    output  — Output    into    aorta  =  Outflow 
through  |)eripheral  vessels -I- Backflow  into  ventricle. 

In  either  of  these  cases  the  circulation  may  be  maintained  either  by  increasing  this  output 
per  beat  or  by  increasing  the  heart-rate;  and  in  neither  of  thene  cases  is  the  pulse-ijressure 
proportional  to  the  systolic  output  of  the  ventricle. 

On  the  other  hand,  when  a  valvular  orifice  j«  narrowed  it  may  Imve  little  or  no  effect 
until  the  narrowing  reaches  a  certain  point;  for,  thoii|Brh  it  kIows  the  inflow  or  (he  outflow, 
as  the  case  may  l>e,  yet  the  duration  of  systole  or  of  diastole  may  be  sufficiently  great  to 
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permit  of  complete  filling  or  emptying  during  the  time  available;  but  beyond  thig  greater 
drivixig  power  is  needfd  and  the  cliamber  behind  the  steinisis  must  undergo  hyijertrophy. 
Regurgitations  usually  cause  dilatation  of  the  chambers  into  which  the 
leak  occurs,  unless  a  great  increase  in  tonicity  of  the  muscle  has  caused  the  caWty 
actually  to  decrease  in  size  (Stewart,  Cameron,  liirschfelder,  Ctoetta). 

CLINICAL   GROUPING. 

Clinically,  endocarditis  (or  carditis')  has  been  divided  by  Osier  into 
three  groups: 

(1)  The  malignant  type,  in  which  septic  and  highly  febrile  symp- 
toms, with  symptoms  also  due  to  septic  emlxjllsm  in  various  parts  of  the 
body,  dominate  the  clinical  pictui-e,  and  in  which  the  cardiac  lesions  may 
spread  rapidly  and  involve  almost  all  the  valves.  This  is  usually  fatal 
during  the  acute  attack. 
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Pio.  176.— Tern  peratufe  eurve  froca  &  ooe  of  maUcnant  endocArditift. 
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Fio.  177. — Tmnpersturf  cun.*  froca  m  oums  uf  wmple  acute  endocarditis. 

(2)  The  simple  acute  type,  in  which  one  or  two  valves  (the 
mitral  and  aortic)  are  affected,  but  where  the  lesion.s  remain  confined  to 
them.  The  salient  features  of  the  disease  are  not  those  due  to  high  fever 
and  emhohsm.  although  these  may  at  times  be  present,  but  thone  usually 
produced  by  the  infective  agent;  and  in  addition  there  are  weakness,  an- 
orexia, and  anjemia,  some  respiratory  distress,  and  syncope  on  exertion. 


'  Carditis  =  inflammation    affecting    endocardium,   myocardium,   and  pericardium 
idinultaneously. 


ENDOCARDITIS. 
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Occasionally  there  are  cedema,  enlargement  of  the  liver,  ascites,  precordial 
pain,  and  palpitation,  but  these  are  often  abaent. 

(3)  Chronic  endocarditis  usually  follows  after  an  attack  of 
simple  acute  endocarditis,  although  it  may  set  in  insidiously  as  a  resvdt  of 
progressive  sclerotic  changes  in  the  valves,  especially  in  association  with 
arteriosclerosis,  syphilis,  and  chronic  anieiiiias.  The  original  rharacteristics 
of  an  infectious  disease  have  subsided,  and  the  picture  is  entirely  <lue 
to  the  mechanical  effects  of  leaking  valves  and  weakened  heart  musclo; 
in  short,  to  slowing  of  the  circulation,  dyspnoea,  cough,  cedema,  digestive 
disturbances,  palpitation,  precordial  and  referred  pains. 


MALIGNANT   ENDOCARDITIS. 
PATHOGENESIS. 

Most  commonly  an  attack  of  malignant  carditis  is  not  the  first  heart 
diseast;  from  which  the  patient  has  suffered,  but  it  is  found  that  the  acute 
process  involves  a  valve  which  already  shows  marks  of  a  chronic  endocardi- 
tis. This  is  not  at  all  surprising,  since  Hosenbach,  Wyssokowitsch,  Hasen- 
feld,  and  others  have  shown  that  valves  once  injured  become  the  seat  of 
inflammatory  processes  much  more  readily  than  when  intact.  If  the 
original  lesion  is  a  very  chronic  one  and  the  vegetation  well  supplied  with 
blood-vessels  (Ribbert),  organization  of  the  exudate  may  go  on  even  more 
readily  than  in  an  intact  valve;  but  if  the  older  exudate  is  still  filjrinous 
or  fresh,  the  tendency  to  soften  and  ulcerate  is  greater  than  if  it  were  rest- 
ing upon  a  base  of  relatively  healthy  tissue. 

Often  the  second  and  malignant  infection  may  be  due  to  an  organism 
quite  different  from  that  producing  the  first,  so  that  one  frecjuently  finds 
a  malignant  endocarditis,  due  to  the  streptococcus,  the  pneumococcus,  or 
the  gonococcus,  attacking  vegetations  originally  of  rheumatic  origin. 

In  the  chronic  forms  of  valvular  lesion  the  symptoms  of  an  acute 
febrile  disease  have  disappeared,  and  are  replaced  by  clinical  pictui-es  with 
characteristic  forms  of  hypertrophy,  stasis,  and  murmurs. 

Occurrence  and  Distribution. — The  relative  rarity  of  malignant  einJocanlitifl  is  shown 
by  the  fact  that  only  45  cases  have  occurred  ainonR  23,200  a«JmitteiJ  to  the  Johns  Hopkins 
Hospital  (O.iy  per  cent.),  as  compared  with  J7S1  (7.6  (ier  cent.)  of  chronic  valvular  disease; 
also  by  the  statistics  of  Border,  who  encountered  ISQ  caaes  among  19,904  patient*  admitted 
to  St.  Bartholomew's  Hoflpital  (0.75  [wr  cent.).  The  occurrence  of  Horder'a  150  cases  as 
regards  ajB:e  was  as  follows:  Under  3,  2  cases;  3  to  10  years,  5;  10-15  years,  9;  15-20 
years,  29;  20-riO  years,  :i9;  HO-40  years,  31;  40-^50  years,  23;   50-^0  yeare,  8;  over  tiO,  4. 

The  involvement  of  the  valves  was:  Mitral,  38;  aortic,  22;  mitral  an<I  aortic,  63; 
tricuspid  and  mitral,  14;  piilmonan,'  and  mitral,  7,  There  were  mural  auricular  lesions 
in  43;   mural  ventricular  in  8;  conffcnital  heart  lesions  in  8. 

Other  siji^ns  and  complications  were:  Enlarged  spleen,  47;  heart  failure,  66;  hapma- 
turia  (sometimes  only  microscopic),  46;  petechias,  43  (on  legs  only  in  10);  brain  symp- 
toms in  22  (choreiform  movements  in  7;  retinal  hemorrhages  noted  in  5,  though  certainly 
more  fretiuent);   embolic  aneurisras,  20. 

TYPES    OF   MALIGNANT   ENDOCARDITIS. 

Osier  in  his  masterly  lectures  has  divided  the  cases  of  malignant 
endo<-arditis  into  three  clinical  groups,  which  may  present  both  acute 
and   chronic  forms. 
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1.  The  Bepticaetnic,   in  wliich  the  sj-mptoms  are  primarily  those  of  septics'nua. 

2.  The  t  y  p  h  o  i  (1  a  1  type,  wluch  closely  resembles  severe  typhoid  fever  or  acute 
miliary  (uhwrciiloais, — continuous  high  fever,  enlarjfcti  spleen,  and  absence  of  other  local- 
izetl  symp(OTua. 

3.  The  cerebral  tj-pe,  dominated  by  embolism  of  the  brain,  coma,  meningitis, 
paralyses. 

Septicaemic  Type. — The  septica?mic  type  is  the  most  common  and 
typical,  usunlly  following  abscess,  puerperal  fever,  operation,  wounds, 
occasionally  ton.siHitis  or  quinsy,  or  some  other  definite  infection,  and  is 
characterized  hy  prostration,  anorexia,  malaise,  frequently  headaches,  and 
shaking  chills.  In  Horder's  150  cases  the  fever  was  continued  in 
12,  iiTCgular  and  intermittent  in  37,  quotidian  in  40,  absent  in  5.  The 
temjK^rature  sometimes  fell  for  a  period  before  death.  The  complexion 
has  the  sallow  yellowish  color  of  ha'matogenous  jaundice,  there  is  rapidlj' 
progressing  increasing  antemia,  and  the  eyes  are  dull.  There  is  sometimes 
acute  purulent  conjunctivitis,  sometimes  disturbances  of  vision  or  even 
blindness  due  to  the  presence  of  minute  emboli  or  hemorrhages  upon  the 
retina.  The  cheeks  are  sunken;  the  skin  is  usually  dry  except  during  the 
rigor  (in  contrast  to  tlie  drenching  sweats  of  rhei*matic  fever) ;  the  tongue 
is  dry  and  furred;  the  lungs  may  \ye  clear  or  septic  bronchopneumonia  may 
be  present.  Respiration  is  usually  rapitl.  The  signs  over  the  heart  are 
variable.  In  some  cases  there  are  no  abnormalities  in  heart  sounds,  cardiac 
area,  or  in  pulsations,  except  for  a  rapid  pulse-rate,  and  then  the  diagnosis 
may  long  remain  obscure;  or,  on  the  other  hand,  the  loudest  murmurs  may 
be  present  both  in  systole  and  in  diastole,  atid  these  have  a  distribution 
corresponding  to  almost  any  of  the  valvular  lesions,  or  more  usually  to 
several  lesions  combined.  These  signs  often  change  markedly 
from  day  to  day,  corresprmding  to  the  progression  of  the  lesion 
from  valve  to  vah'e,  the  growth  of  the  individual  vegetations,  or  the  (Vis- 
appearance  of  the  latter  as  they  slough  off  into  the  blood  stream.  The 
pulse  is  amall  and  collapsing,  but  usually  too  rapid  for  dicrotism,  and  the 
blood-pressure  is  low  (maximal  S5  to  110  mm.,  minimal  60  to  90).  It 
becomes  larger  antl  more  typically  Wftter-hammer  in  character,  and  the 
diastolic  pressure  falls  to  40-50  mm,  if  a  leak  sets  in  at  the  aortic  valve. 
The  loud  systolic  murmur  over  the  tricuspid  area,  corresponding  to  tricuspid 
insufficiency  either  functional  or  organic,  is  among  the  most  common  in 
malignant  endocarditis,  for  this  valve  bears  the  brunt  of  both  the  increasing 
organic  lesions  and  the  progressive  weakening  of  the  heart  muscle.  Accom- 
panying this  there  L^  also  .systolic  pulsation  in  the  jugular  vein.  A  diastolic 
murmur  may  be  present  to  either  left  or  right  of  the  sternum,  and  may 
correspond  to  either  aortic  or  pulmonic  insufficiency,  the  distribution  in 
the  latter  case  being  somewhat  different  from  the  former.  A  pericardial 
friction,  associated  with  the  onset  of  fibrinous  or  purulent  pericarditis,  is 
not  uncommon. 

The  liver  is  frequently  enlarged,  either  from  cardiac  weakness  or 
from  a  definite  suppurative  hepatitis  and  cholangitis.  When  associated 
with  tricuspid  insufficiency  it  may  pulsate  with  systole. 

The  spleen  is  often  enlarged,  from  the  presence  of  infarctions  of 
greater  or  less  extent.  The  abdomen  may  l)e  otherwise  normal  or  may 
be  tense,  and  there   may  be  local   tenderness  and   muscle  spasm  from 
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localized  infection  or  general  peritonitis;  not  infrequently  these  areas 
correspond  to  the  utems  Cespecially  in  puerperal  endofarditis)  or  to 
the  kidney,  owing  to  infarction,  in  which  case  there  are  also  aibuniinu>ia 
and  hiematuria. 

There  is  sometimes  oedema  of  the  extremities.  Arthritis  is 
frequent,  often  accompanied  by  injury  to  the  epiphyses  as  well  as 
the  joints,  and  occasionally  by  spontaneous  fractures.  The  skin  may  show 
very  numerous  small  purple  p  e  t  e  c  h  i  ae  or  large  areas  of  ecchymosis; 
or,  on  the  other  hand,  there  may  be  numerous  subcutaneous  abscesses  of 
varying  size. 

The  blood  count  is  usually  low,  especially  the  hflemoglobin,  cor- 
respotiding  to  the  type  of  a  secondary  anaemia.  Sometimes  500,000  ery- 
throcytes are  destroyed  each  uluy.  There  is  almost  always  a  polymorpho- 
nuclear leucocytosis  (20.000 -30, 0(K)).  As  has  been  seen  blootl  cultures  are 
positive  in  about  90  per  cent,  of  the  cases, — colonies  of  the  infective  agent, 
usually  20—10  per  cubic  centimetre  of  blood. 

The  urine  is  of  variable  amount,  and  specific  gravity  usually 
high.  It  generally  contains  albumen  and  casts,  and  often  there  is  definite 
biematuria  due  to  infarction  of  the  kidney.    Sometimes  the  blood  can  be 

'^seen  only  with  the  microscope.  Not  infrequently  there  is  cystitis  with 
cocci  in  the  urine  in  considerable  quantities. 

Typhoidal  Tj'pe. — The  cases  of  the  typhoidal  type  are  characterized 
also  by  asthenia,  by  high  fever  {Hy6°  to  lOG^J,  which  i.s  more  or  less  continu- 
ous, frequently  flushed  face,  dry  tongue,  sometimes  coma  vigil  and  picking 
at  bedclothes,  enlarged  spleen,  hut  otherwise  no  definite  locaUzing  symp- 
toms. There  may  be  a  slight  bronchitis  or  small  foci  of  broncHopneunionia. 
The  cardiac  sign.s  may  be  indefinite,  or  may  be  thought  to  l>e  remnants  of 
old  valvular  lesions.  The  differentiation  from  typhuid  fever  on  the  one 
hand  and  acute  miliary  tuberculosis  on  the  other  may  be  impossible  by 
the  slniple  methods  of  phy.sical  diagnosis,  and  the  diagnosis  must  rest  with 
the  blood  culture.    Occasionally  the  presence  of  petechiic  in  the  skin  may 

f suggest  typhus  fever.  Examination  of  the  eye-grounds  may  show  small 
white  spots  of  retinal  exudation  and  occasional  hemorrhages,  but  the  pic- 
ture may  be  difficult  to  distingui-sh  from  typhoid  lymphomata  or  miliary 
tubercles.  The  pi*esence  of  leucocytosis  is  suggestive,  but  not  decisive, 
while  the  absence  of  Widal  reaction  is  of  value  only  as  negative  evidence. 
The  only  <leci.^ive  evitlence  is  given  by  the  blood  culture. 

Cerebral  Type. — In  the  third  or  cerebral  type  the  symptoms  due  to 
embolism  of  the  brain  and  usually  of  the  left  middle  cerebral  artery  domi- 
nate the  picture.  There  is  a  history  of  onset  witli  fever,  weakness,  and 
perhaj>H  chills,  perhaps  a  shower  of  petechia?  over  the  body,  and  ha»maturia, 
and  then  a  sudden  onset  of  hemipkgia,  with,  or  more  usually  without,  con- 
vulsionSj  and  perhaps  relapse  into  unconsciousness.  The  patient  is  then 
left  with  uncon.sciousness,  hemiplegia  (usually  right-.sided),  and  usually 

,  Ephaaia,  more  or  less  disturbance  of  vision,  and  choked  disk.     The  septic 

'infarct  may  also  give  rise  to  purulent  meningitis,  so  that  there  may  be 
unconsciousness,  rigidity  of  the  neck,  and  Kernig's  sign  as  well,  and  the 
cerebrospinal  fluid  obtained  from  lumbar  puncture  may  be  under  high 
tension,  cloudy,  rich  in  albumen  and  in  cocci. 
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These  lesions  are  produced  by  septic  emboli  of  varying  sizes  carried 
off  the  necrotic  surfaces  of  the  infected  valves.  In  Horder's  series  they 
occurred  in  14.(3  per  cent,  of  the  ciijses.  The  symptoms  vary  in  character 
and  severity,  according  to  the  location  and  exlent  of  tlie  lesion,  from  a  few 
choreiform  movements  to  paralyses,  convulsions,  and  coma.  Aphasia  is, 
of  course,  relatively  common. 

The  diagnosis  of  the  primary  condition  may  depend  upon  the  varying 
heart  signs  and  the  positive  blood  culture. 

CHRONIC    INFECTIVE   ENDOCARDITIS    (OSLER). 

Osier  has  called  attention  to  the  existence  of  a  chronic  form  of 
malignant  endocarditis,  which  may  last,  from  four  to  fourteen 
months.  It  is  characterized  by  an  asthenic  condition,  with  remittent  or 
intermittent  fever  rising  to  a  maximum  of  102*'-103°,  chills  and  sweats,  in 
about  60  per  cent,  of  the  cases,  petechia',  especially  ujxm  the  shins,  enlarged 
spleen,  and  heart  signs,  which  vary  as  the  process  extends  from  valve  to 
valve,  or  the  valve  substance  sloughs.  There  is  usually  a  progressive  ansemia. 
Painful  petechiae,  er>'thenLatous  cutaneous  nodules  (Osier),  and  tender- 
ness of  the  lower  part  of  the  sternum  (Libman  and  Celler,  Am.  J.  M.  Sc,  1910, 
exJ,  516)  are  pathognomonic  ft^itures.  The  blood  culture  is  usually  positive, 
but  the  cocci  oft^?n  circulate  in  showers,  absent  from  the  blowd  one  day,  present 
on  another.  Repeated  cultures  must  be  made.  The  characteristic  cocci 
("streptococcus  viridans,"  Schottmueller,  Muench.  Med.  Wchnschr., 
1903, 1 ,  849;  1909, 1,617)  are  always  free  from  capsules  by  which  they  are  differ- 
entiated from  the  pneumococcus,  but  hke  pneiimococci  they  are  soluble  in  bile. 
The  colonies  in  blood  agar  are  surrounded  by  a  green  zone.  The  cocci  may  or 
may  not  ferment  inulin.  They  are  always  Gram-positive.  However,  both 
Libman  and  Celler  and  A.  Kinsella  (Arch. Int.  Med.,  1917, xix,  367)  agree  that 
the  colonies  are  not  always  surrounded  by  a  green  zone,  but,  on  the  other  hand, 
though  white  or  gra>-ish,  they  are  never  surroundetl  by  a  clear  white  zone  of 
complete  haemolysis.  This  differentiates  them  from  the  hiemoljlic  streptococcus. 

Diagnosis. — The  diagnosis  of  chronic  infection  endocarditis  u-sually 
depends  upon  the  blood  culture,  for  the  clinical  picture  may  be  so  pleomorphic 
as  to  simulate  many  other  diseases. 

Thompson  has  also  calletl  attention  to  the  fixct  that  acute  hjTjerthyroidism  (Base- 
dow's disease,  exophthalmic  goitre)  may  present  n  clinical  picture  of  fever,  chills,  sweats, 
tachycardia,  dilated  heart  with  systolic  murmurs,  which  closely  simulates  that  of  malig- 
nant endocarditis,  The  thyroid  iu  these  cases  is  enlarged  and  tender  and  the  ocular  signs 
arc  usuuily  prouounced. 

The  crucial  fioints  in  the  differential  diagnosis  of  malignant  endocarditis 
are,  therefore,  given  in  the  following  table; 

From  pneumonia^ — petechia',  sigrw  of  valvular  lesions. 

Froui  typhoid  fever — by  leucocytosis,  absence  of  Wiilul  reaction.  Wood  culture. 

From  rheumatic  fever — hy  enlarged  spleen,  pctechijp,  chills,  blood  cultuit'. 

From  malaria — by  absence  of  plaamodia,  leucocytosis,  heart  signs,  positive  blood 
culture. 

From  miliary  tuberculosis — by  leucocytosis,  heart  signs,  absence  of  tubercle  bacilli, 
p*)6it)ve  blow!  culture. 

From  cerebrnspinal  meningitis — by  absence  of  intracellular  diplococci  in  cerebro- 
spinal fluid,  jwpiitive  blood  culture  yielding  other  germs. 

From  acute  Basedow's  disease — by  positive  blood  culture,  absence  of  oculomotor 
signs  of  Basedow's  disease,  polymorphonuclear  leucocytosis. 
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Cask  of  Streptococcus  Viridanb  Endocarditis. 

John  P.  (No.  8806J,  an  Ameriwm  railroad  laborer,  single,  aged  25,  waa  admitted  to  the 
UtitverHity  of  Minnesota  Hospital  on  May  30,  1916,  complaining  of  weakness,  pain  in  the 
abdomen  and  back,  nose  bleed  and  cougli.  Family  and  personal  history  negative,  except 
for  pneumonia  five  years  previously.    No  venereal  infections, 

The  present  illness  began  with  rheumatism  two  months  previously.  In  spite 
of  this  he  continued  with  hi&  work  on  bridge  building  until  he  gradually  grew  weaker  and 
was  compelled  to  quit  work  a  few  weeks  later,  about  six  wee^ks  before  his  admission.  About 
iwo  weeks  before  admission  he  was  suddenly  seized  with  a  sharp  pain  in  the  left  side  of  the 
abdomen  and  back,  better  the  next  day,  but  followed  u  week  later  by  a  similar  pain  on  the 
right  side.  A  week  later  he  had  a  profuse  nose  bleed.  He  has  had  cough  and  expectoratioo 
for  Q  week  but  no  night  eweata,  and  has  voided  small  amounts  of  urine  three  or  four  timet 
a  night. 

Physical  examination  by  Dr.  Rowntree.  The  patient  is  very  pale  and 
ansemic,  with  pearly  conjunctivae.  The  lipa  are  pale.  There  is  considerable  pyorrhoBa  and 
caries,  tonsils  are  small,  throat  ia  clean.  Pupils  are  unequal  and  do  not  respond  to  light. 
Skin  is  dry,  with  marked  pigmentation  in  the  axilla.  The  point  of  maximal  impulse  is  at 
least  12  cm.  to  the  left  in  the  fifth  interspace  and  cardiac  dulnesa  extends  16  cm. 
to  the  left  and  5  cm.  to  the  right.  Both  sounds  can  be  heard  at  the  apex.  The  first 
sound  is  snappy;  second  sounds  are  equal  over  aortic  and  pulmonary  areas.  Pulse  is 
greatly  accelerated.  There  is  &  systoHc  whifT  in  the  neck.  Lungs  show  a  few  riles  in 
left  lower  cheat .  Liver  and  spleen  not  felt.  Joints:  Both  knees  and  right  ankle 
are  swollen  and  larger  (ban  surrounding  skin,  but  not  reddened,  and  not  particularly  tender 
to  touch.  Skin:  There  are  no  evidences  of  petechial  hemorrh^es,  no  subcutaneous 
hemorrhages,  no  oedema.  Glands  :  Epitrochlears  are  definitely  enlarged.  There  is  a 
small  mass  palpable  under  the  skin  of  the  upper  right  arm  and  two  masses  palpable  under 
the  akin  of  the  left  forearm.  Urine  :  1050  to  ISOO  cubic  centimetres  in  amount,  straw- 
colored,  acid,  specific  gravity  1010  and  contained  a  large  amount  of  albumen,  a  small 
amount  of  pus,  many  hyaline  and  a  few  grtuiular  c&ats  on  admission,  but  on  June  6,  a  few 
red  blood  corpuscles  were  present.  Phenotsulphonphthalein  excretion  42  per  cent.  Spu- 
tum contained  no  tubercle  bacilli.  Faeces  contained  occult  blood  by  benzidin  teat  on 
August  2nd.  The  blood  showed  4,100,000  red  corpuscles,  48  percent,  hemoglobin,  14,400 
leucocytes,  of  which  fi7  per  cent,  were  polymorphonuclear,  29  per  cent.  l>TiiphocytC8,  two 
f>er  cent,  transitionals,  twn  per  cent,  eosinophiles.  Blood:  Waasermann  negative. 
Blood  culture  taken  July  7,  1916,  showed  the  streptococcus  viridans  about 
43  colonies  per  plate  containing  I  cubic  centimetre  of  blood.  Temperature  :  The 
temperature  usually  ranged  from  98.5°  to  101.5°,  on  many  days  never  rising  above  I00*» 
on  others  reaching  as  high  us  103°.    The  pulse  rate  ranged  from  80  to  130  per  minute. 

He  became  stcfldily  worse  in  ppite  of  general  treatment  with  Blaud's  pills,  elixir  of 
iron,  quinine  and  strychnine,  calcium  lactate  gr.  xv,  and  tincture  of  digitalis  minims  xx. 

Tran.sfii9ion  of  human  blood  was  without  avail  as  was  repeated  infusion  of  Dakin*s 
hjTXJchtorite  solution  which  was  followed  by  thrombosis  of  median  basilic  vein.  Patient 
died  on  August  23,  191f>.  The  heart  showed  large  thrombi  about  1  cm.  in  diameter  adherent 
to  all  the  valves,  none  of  which  were  ulcerated.  There  were  old  vegetations  on  the  naitral 
valve;  marked  dilation  and  hypertrophy  of  heart.    No  abscesses  in  the  heart  waU 


TREATMENT. 

The  treatment  of  maliKnant  endocarditis  is  the  treatment  of 
any  form  of  general  peptica'inia — absolute  rest,  very  liRht,  soft  or  milk 
diet  amounting  to  as  near  3000  calories  per  day  as  po^ssil)Ie,  and  avoidance 
of  excitement.  Drugs  are  of  little  value.  Stryclininc  may  be  given  in  doses 
of  2-3  mg.  (^  to  ,V  E^-)  every  four  hours,  or  digitalis  also,  with  a  view 
of  increasing  the  activity  of  the  vasomotor  centre  and  the  tonicity  of  the 
heart;  but  little  is  accomplished  by  their  use,  and  in  some  ca.ses  the  heart 
muscle  is  already  so  much  injured  by  the  infection  that  further  stimu- 
lation is  actually  harmful.    Salt  infusions  may  be  given,  but  they  serve  to 
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irell  the  volume  of  blood,  to  dilate  the  heart,  and  to  increase  its  work, 
"and,  although  they  may  perhaps  "wash  out  the  toxir  suhstancea  through 
the  kidneys,"  it  is  doubtful  whether  they  arc  at  all  etTectual, 

Intravenous  [njections. — Intravenous  infuaions  of  colkrgol  and  oilier  metttllic  com- 
ptounda  liavc  been  tried  und  some  apparently  favorable  result*!  reported,  but  these  have 
invariably  been  shown  to  be  overestimateil  when  the  work  was  rejwated  by  more  careful 
observers.  The  antislreptococcus  serum  of  Mannorek  has  been  used  iu  cuses  of  malignant 
Btreptococcic  endocarditis,  but  this  also  has  no  value. 

Inoculations  with  Bacterial  Vaccines. — More  recently  A.  E.  Wright  has  instituted 
the  metiiorl  of  inoculating  the  p:ifient  with  small  doses  of  killed  cultureM  of  the  genu,  caus- 
ing the  infeetion  in  the  hope  of  thereby  increasing  the  pro<luclion  of  protective  substances. 
Though  this  i.s  the  most  promising  of  all  the  methods,  it  has  failed  to  give  satisfactory 
results  in  the  hands  of  careful  observers  such  as  Rosenow  and  Horder. 

SIMPLE   ACUTE  ENDOCARDITIS. 

The  malignant  forms  of  carditis  dosrrihed  in  the  foregoing  chapter 
are  relatively  infrequent  (0.10  per  cent,  of  admissions  to  the  John.s  Hopkins 
Hospital).  Much  more  common  are  the  milder  infections  which  assume 
the  form  of  simple  acute  or  subacute  endocarditis,  and  in  which  the  symp- 
toms are  often  referable  mainly  to  a  mild  .subacute  fever  and  tina.*mia,  and 
with  comparatively  less  frequency  stanipetl  with  the  typical  features  of  heart 
disease,  so  that  the  latter  may  become  evident  only  on  physical  examination. 

Rheumatism. — Unlike  the  malignant  form,  which  is  usually  of  pyogenic 
origin,  the  simple  endocarditis  is  far  more  frequently  rheumatic  (Bouiliaud^ 
lS3o),  manife.sting  itself  in  association  with  other  manifestations  of  the 
"rheumatic  cycle,'' — tonsillitis,  rheumatic  arthritis,  chorea,  pleurisy,  or 
the  rheutnatic  erythemata;  rheumatism  being  the  etiological  factor  in  65.6 
per  cent,  of  all  cases  of  endocarditis  in  the  Medical  Clinic  at  Ziirich,  in  36.7 
per  cent,  at  Jena,  and  in  38  per  cent,  at  Leipzig. 

Similar  figures  apijcar  from  the  clinics  of  Groat  Britain  and  America,  the  statistics 
of  the  Johns  Hopkins  Hospital  being  ipiite  according  to  the  rule. 

A  much  higher  (x*rcentage  of  the  cases  of  rheumatism  acquire  endocarditis  than  is 
true  of  any  other  disease.     It  was  present  in  01.3  per  cent,  of  all  cases  of  this  disease  in 
-children  iu  West's  series,  in  tit)  per  cent,  of  Fuller's  cases  and  in  80  per  cent,  of  thecascM 
orted  by  Cadet  de  Gassicourt. 

Gibson  states  that  the  likelihood  of  endocardial  infec- 
tion is  proportional  to  the  severity  of  the  rheuma- 
tic  affection. 

The  same  relative  frequency  applies  also  to  chorea,  the  other  important  member  of 
the  rheumatic  cycle.  Stephen  Mackenzie  fituis  6l).tj  px^r  cent.,  Donkin  ii)  per  cent.,  Osier 
51.4  |)er  cent.,  affected  vrith  carditis,  although  the  arthritic  history'  is  often  al>sent. 

Other  Infections. — Other  diseases,  though  occasional  causes,  are  much  less  frequently 
followed  by  endocarditis.  Thus,  Osier  found  it  twelve  tiiuea  in  216  autopsies  upon  caaei 
of  i>  h  t  h  1 6  i  9  ,  five  times  in  100  pneumonia  cases,  twice  in  SO  autopsies  upon 
typhoid  fever;  and  he  states  that  it  is  not  uncommon  in  scarlet  fever. 
In  most  of  these  cases  the  secondary  infection  with  streptococcus  is  probably  responsible 
for  the  condition.  Influenza,  smallpox,  measles,  and  diphtheria  also 
are  occasional  etiological  factors.  In  all  these  diseases  any  overwork  or 
other  overstrain  upon  the  heart  during  the  course  of  the  in- 
fection increases  its  susceptibility  and  enhances  the  liability  to  affection 
of  the  end«K;ardium,  just  as,  according  to  Poynlon,  fright  (or  hard  study  at  school)  pre- 
disposes to  aifection  of  the  brain,  namely  chorea. 
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u — As  to  age  it  may  be  said,  that,  in  contrast  to  both  the  malignant 
and  the  chronic  forms  of  enilocarditis,  the  simple  acute  carditis  which  repre- 
sents the  usual  beginning  of  the  process  presents  itsel*"  most  frequently  in 
children,  especially  in  the  second  decade  of  life,  and  that  the  age  of  maxi- 
mum frequency  is  the  age  of  the  greatest  expo- 
sure, the  second  and  third  decades. 

Tlie  fresjuency  ie  due  merely  to  the  fact  that  rheu- 
matisn]  is  then  more  fre<]uent.  although  when  contracted 
in  cliil<lliood  it  appears  to  be  followed  by  a  greater  per- 
centage of  cardiac  complications  than  in  older  persona, 
and   pericjinlitis   (t^s{>ecially  adherent   pericarilium)  and 
myocarditis   are   more  severe.     Of    1J5   cases   under   15 
years  of  age  Holt  and  ("rondall  found  under  5  yeans  14 
cases,  5  10  years  71   cases,  and   10-14   years  60  catses, 
;iS  per  cent,  being  males  and  52  per  cent,  females.     It 
is  es^iecially  nounvorthy  that  of  these  145  ciiacs  almost 
90  per  cent,  were  brought  about  by  diseiiscfl  of  the  rheu- 
matic cycle,  in  contrast  to  CU-tV5  per  cent,  in  oUler  jierHOiis. 
Indeed,  the  earlier  in  life  the  rheumatic  infection  is  con- 
tracte<l,  the  more  it  fissumea  the  tyi)e  of  a  general  carditis 
and  the  less  fjevereiy  are  the  joints  involvetl.     As  many 
writers  have  staled,  rheumatic  fever  in  children  asually  as-sumes  the  form  of  a  tonsillitis, 
with  carditis  and  chort-a.  and  is  fre<fVientIy  tievoid  of  atiy  arthritic  sympitoms  whatever. 
The  myocartlilis  has  t»eeu  discusse«l  in  Part  II,  Chapter  IX,  and  is  an  imf>ortant  fea- 
ture.    Tlie  weakness  of  the  heart  muscle  which  results  leads  to  dilatation  afid  overfilling 
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¥10.  178,  '-  Dtntrrsm  sbowiriK 
relative  frequency  of  the  most  im- 
portant valvular  l(»i»n»  al  variou*« 
■get.  (MuJifir<j  from  Gillespie.) 
Solid  line,  mitralinsufticietic-y;  bro- 
ken line,  mitra)  i>ten<}«ii>i;  liottiNl  line, 
aortic  insufficieucy.  The  flgureii  in- 
dicate the  decades.  Under  0  yeant, 
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IT^m^ 


m 


L^-f- 


of  the  chambers,  and  this  in  turn  increases  the  leaks  due  to  the  leaions  upon  the  vulveH. 
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^S  AUTOPSIES  -BERL. 

FifJ.  179. — Diagram  showing  tlie  relative  frequency  of  the  varioiu  valvular  lesions  iti  1781  c*M»  of 
valvular  heart  diseaae  admitted  to  the  Medical  tiervice  uf  the  John*  Hbpktnt  iloApitul  from  1889  to 
1008,  iu«  well  as  ihone  found  by  Sperling  in  300  autopalen  in  Berlin.  Small  space.  5  per  cent.;  Berl.,  Berlin: 
J.  H.  H.,  Johnn  Hopkins  Iloepital. 

Sex. — Many  authors,  among  them  Osier,  state  that  men  are  more  fre- 
tjuently  affected  than  wonif^n;  though  v.  Jurgensen  .states  that  valvular 
clisease  occurs  with  practically  the  same  frequency  in  both  sexes. 


INVOLVEMENT   OF    INDIVIOrAL    VALVES. 

The  relative  frequency  with  which  the  valves  ai-e  involved  is  shown 
by  the  analysis  of  17S1  cases  of  endocarditis  admitted  in  the  Johns  Hopkins 
Hospital  from  18S9  to  lOOfS,  represented  diagrammatically  in  Fig.  179. 
The  fi^ires  show  a  general  correspondence  to  those  of  v.  Jurgensen  in  2470 
cases  in  the  German  clinics. 
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PATHOLOGICAL   PHYSIOLOGY. 

The  pathological  physiology  of  simple  acute  endocarditis  presents  the 
condition  ilye  to  the  in(livi(hml  valv^ular  lesion  (to  tie  consiitcred  in  detail 
in  the  appropriate  chapters  dealing  with  the  chronic  endocarditis),  modi- 
fied or  added  to  by  an  element  of  diminished  vasomotor  tone  due  to  the 
acute  febrile  condition.  As  the  result  of  this  vasodilatation,  especially  in 
the  abdominal  area,  the  bloo<l  collects  in  the  dilated  veins  and  capillaries, 
the  blood-pressure  may  be  low,  and  the  symptom  complex  of  arterial 
anaemia  or  low  blood-pressure  sets  in.  Moreover,  there  is  usually  a  certain 
degree  of  actual  anaemia  added  to  the  lesion,  and  this  often  increases  the 
difficulty  in  breathing;  although  it  does  not,  as  a  rule,  bring  on  the  red  and 
purple  hue  of  chronic  cyanosis.  Still  further  the  increase  in  the  leakage 
causes  damming  back  and  secondaiy  dilatation  of  the  chamlaers  behind 
it,  oedema  in  the  walla  of  the  ventricles  and  in  the  valve  cusps,  and 
increased  susceptibility  to  infection. 

PATHOLOGICAL    ANATOMY. 

The  endocarditis  itself  is  less  severe  than  in  the  malignant  form.  Fewer 
bacteria  are  deposited  upon  the  valves,  and  these  show  less  tendency  to 
multiply,  so  that  the  process  of  organization,  as  a  rule,  outfaces  necrosis, 
and  consequently  the  separation  of  emboli  is  rare.  The  valves  thus  show 
an  injured  surface  covered  by  a  more  or  less  thick  or  exuberant  layer  of 
fibrin,  with  active  organization  proceeding  upward  from  its  base.  This 
may  be  seen  in  any  stage  of  advancement,  from  fresh  fibrin  in  the  early 
stage  to  completely  organized  firm  young  connective  tissue,  covered  by 
intact  endothelium,  when  heahng  has  become  complete. 

Pathologically,  the  difference  between  the  malignant  and  the  simple 
endocarditis  is  merely  the  usual  difference  between  a  mild  and  a  virulent 
infection  of  any  tissue.  There  may  be  no  actual  difference  in  etiolog>*,  and 
the  malignant  form  may  represent  only  a  very  virulent  strain  of  the  same 
organism  which  would  ordinarily  produce  a  milder  infection;  or,  on  the 
other  hand,  nucro-organisms  of  the  same  virulence  may  produce  different 
types  of  lesion  in  persons  with  thfTerent  powers  of  resistance. 

SYMPTOMS. 

It  is  particularly  noticeable  that  in  these  cases  during  the  first  attack 
the  symptoms  tlue  to  distinct  heart  failure  are  largely  absent,  and  the 
main  symptoms  are  those  of  a c  c  o  m  ]>  a  n  y  i  n  g  r h  e  u  - 
m  a  t  i  c  disease,  along  with  the  weakne.'=is,  pallor,  and  anannia  (usually  about 
GU  per  cent,  ha-nioglobin),  such  as  might  be  due  to  any  mild  fever,  though 
occasionally,  as  in  the  case  of  J.  A.  {page  415),  the  onset  of  aortic  insufS- 
ciency  is  attended  by  pain  and  sudden  collapse.  The  temperature  rarely 
attains  101°  unless  an  acute  arthritiis  or  acute  pneumonia  is  pjT'sent.  The 
pulse  Ls  usually  rapid  and  regular.  Its  quality  de|Tends  upon  the  nature 
of  the  lesion,  being  large  and  collapsing  in  the  presence  of  aortic  insuffi- 
ciency, small  in  mitral  stenosis,  and  of  moderate  size  in  mitral  insufficiency. 
The  blood-pressure  is  sometimes  above,  sometimes  below  normal- 
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PHYSICAL   SIGNS. 

As  a  rule,  the  patient  does  not  seem  very  ill,  he  has  sometimes  an 
anxious  expression,  is  usually  pale  and  sallow,  in  contrast  to  the 
older  rases  of  niilriil  tlispase,  who  usually  show  a  Hushetl  and  fyanolic  hue. 
Occasionally  choreic  n\ovements  are  present.  It  is  veiy  common  for  the 
tonsils  to  be  enlarged,  since  these  are  the  usua!  portals  of  entry  for  the 
rheumatic  infection,  and  there  is  frequently  a  yellow  exudate  in  the  crypta 
or  a  membrane  over  their  surfaces.  In  ahnost  all  rheumatic  cases  there 
are  foci  of  cocci  (streptococcus  or  micrococcus  rheiimaticus?)  in  the  deeper 
tissue  of  the  tonsil.  Along  with  this  infection  the  so-called  tonsillar  lymph 
gland  just  below  the  angle  of  the  jaw  and  often  the  submaxillary  and 
anterior  cervical  lymph  glands  are  enlarged.  The  chest  shows  no  special 
peculiarity  except  that  precordial  bulging  is  often  present,  espe- 
cially marked  in  children  (see  page  152),  even  in  the  first  attack  of  endo- 
carditis. The  cardiac  i^igns  are  the  same  as  for  the  chronic  valvular  lesions, 
though  usually  less  marked.  They  will  be  discussed  in  detail  under  the 
special  chapters. 

The  liver  is  usually  not  enlarged  unless  there  is  marked  heart  fail- 
ure. Occasionally  the  spleen  is  palpable  and  even  hard,  tender,  and 
painful,  as  a  result  of  a  fresh  or  old  infarct,  and  this  condition  may  persist 
unchanged  for  years. 

A  few  montiis  ago  the  writer  saw  in  the  John«  Hopkina  Dispensary  a  young  girl  in 
whom  a  large,  very  hard  epleen  had  heen  present  for  iwveral  years,  first  ap()earing  during 
a  rather  severe  attack  of  simple  acute  initrul  endocardifis. 

There  is  often  slight  oedema  of  feet  and  ankles,  though  very  many 
cases  come  to  treatment  before  this  has  S€'t  in.  The  presence  of  cedema 
in  an  early  acute  endocarditis  is  a  rather  grave  sign,  since  it  indicates  the 
failure  of  the  heart  to  respond  pnunptly  to  the  added  load. 

The  urine  is  usually  of  high  specific  gravity  and  contains  a  small 
amount  of  albumen  and  a  few  coarsely  or  finely  granular  casts, — a  typical 
febrile  albuminuria. 

The  b  1  o  o  d  examination  usually  shows  a  slight  grade  of  secondary 
ansemia. 

SUBSEQUENT   COURSE. 

As  in  the  cases  cited  on  page  415,  there  is  usually  gradual  improve- 
ment under  any  treatment  in  which  the  main  factor  is  sufficient  rest, 
during  which  the  infection  subsides  (the  bacteria  dying,  or  more  commonly 
becoming  latent),  the  vegetations  undergo  gradual  organization  and  more 
or  less  thickening  or  shrinkage,  and  fever  passes  off,  as  does  the  acut«  myo- 
cardial weakness.  The  patients  almost  always  recover  from  the  first  attack. 
Recurrence  is  especiully  common,  and  is  the  danger  against  which  especial 
precaution  nmst  te  taken,  the  more  so  as  the  second  attack  often  spreads 
to  another  valve  or  even  to  two  more.  It  is  the  liability  to  repeated  attacks 
which  keeps  the  pathological  process  ever  fresh  and  increa.sing.  There  is 
then  usually  a  little  area  of  incompletely  orgaiuzed  fibrin  always  present 
to  give  soil  to  any  stray  micrococcus  that  may  l>e  carried  by  the  blood 
stream,  and  thus  produce  a  new  outbreak  of  fresh  endocartlitis  with  exacer- 
bation and  perpetuation  of  the  old  symptoms.     After  a  single  attack, 
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especially  when  one  only  is  involved,  complete  organization  of  the  vegeta- 
tion may  set  in,  the  avnie  myocardial  changes  subside,  and  the  heart  muscle 
may  soon  regain  its  nonunl  function. 

Compensation. — A  .slight  leak  (see  page  420)  may  remain  at  the  site 
of  the  vegetation,  just  enough  to  produce  a  murmur  and  perhaps  even 
bring  about  slight  hypertrophy,  but  without  really  impairing  the  i unction 
of  the  heart;  and  the  individual  who  t^uffers  from  no  further  acute  endo- 
cardial changes  may  go  on  for  thirty  or  forty  years,  until  the  age  of  sclerosis 
sets  in  and  the  leak  is  widened  by  sclerotic  shrinkage,  without  the  appear- 
ance of  any  further  symptoms.  On  the  other  hand,  as  da  Costa  has  shown, 
persons  with  old  perfectly  compensated  valvular  lesions  are  much  more 
susceptible  to  cardiac  overstrain  and  acute  dilatation  than  are  normal 
individuals.  With  the  dilatation  there  comes  a  functional  insuHiciency 
of  the  valves,  which  adds  its  effect  to  that  of  the  organic  lesion;  and  finally, 
as  Roy  and  Adunii  have  shown,  stasis  brings  about  cetlema  and  cellular 
infiltration  in  the  cusps.  Thi.-?  infiltration  is  followed  by  further  valvular 
sclerosis  and  shrinking,  and  thus  the  cardiac  overstrain  in  itself  t-enda  to 
increase  permanently  the  original  Insion. 

When  hypertrophy  and  compensation  are  good  and  the  individual 
either  lives  a  quiet  life  or  has  developed  his  muscles  gradually  to  meet  the 
strain  of  his  surroundings,  he  nmy  escape  overstrains  entirely,  and  the 
lesion  may  either  be  stutionary  or  may  shrink  by  gradual  sclerosis.  It  is 
a  rather  common  occurrence  to  find  perfectly  healthy  young  adults  or  even 
active  men  in  middle  age  who  have  had  well-compensated  mitral  insuffi- 
ciency persistent  since  childhood.  The  same  is  also  true  of  aortic  insuffi- 
ciency except  that  this  usually  again  makes  itself  felt  about  the  age  of  arterio- 
sclerosis, i.e.  about  the  age  of  forty.  Even  then,  with  good  care,  general 
hygiene,  avoidance  of  muscular  overstrain,  nervous  excitement,  and  over- 
eating, great  moderation  in  the  use  of  alcohol  and  tobacco,  and  especially 
personal  prophylactic  measures  against  infectious  dLseases,  a  long  life 
may  be  attained  by  the  patient. 

Reinfection. — On  the  other  hand,  when  the  putient  is  still  subject  to 
recurrence  of  his  rheumatism  or  tonsillitis,  or  to  repeated  attacks  of  pneu- 
monia, bronchitis,  or  influenza,  the  probability  that  the  cardiac  lesion  will 
remain  quiescent  is  a  small  one,  and  it  becomes  more  likely  thiit  both  valve 
and  muscle  will  suffer  further  changes  whose  limit  it  is  impossible  to  pre- 
dict. It  is  therefore  most  important  not  to  give  a  definite  prognosis  to  the 
family  or  friends  of  the  patient  until  he  has  been  under  observation  for  about 
a  year  after  the  attack  of  endocarditis  has  subsided,  so  that  all  these  factors 
may  be  carefully  watched  and  taken  into  account,  prophylactic  measures 
be  instituted,  and  the  recuperative  power  of  the  heart  muscle  be  gauged. 

Complications.— Another  factor  even  more  important  than  the  endo- 
cardial lesion  is  the  involvement  of  the  pericardium  and 
especially  the  production  of  adherent  p  e  r  i  c  a  r  d  i  u  m  ,  so  common 
in  the  first  and  second  decades.  This  condition  perhaps  more  than  any 
other  leatls  to  early  heart,  failure,  since  it  imposes  the  greatest  strain  of  all 
upon  the  heart;  and,  as  it  develops  insidiously  and  frequently  reaches  its 
maximum  only  after  the  first  acute  attack  has  passed  off,  it  should  be 
watched  for  with  great  care. 
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SIMPLE   ACUTE   ENDOCARDITIS. 

J.  A.,  mole,  cannery  worker,  aged  15,  entered  the  hospital  complaiiiing  of  rheu- 
matism. He  lias  been  a  ratlier  iJelicate  boy,  having  had  erysipelas,  measles,  whooping- 
cough,  and  chicken-t>ox  when  a  chikl,  uihI  atUtcks  of  deiinite  articular  rheumatism  at  nine 
and  ten  years.    He  has  done  soldering  in  a  cannery  for  the  past  two  yejirs. 

Alxiut  five  weeks  before  admission  he  began  to  complain  of  p  a  i  n  in  h  i  a 
ankles  and  kneen,  for  which  he  was  put  to  bed.  At  thii>  time  Mb  physician  found 
a  temperature  of  104°,  and  he  htnl  cliilly  sensations,  but  no  shaking  chills. 
About  two  weeks  later  while  Ijing  dovni  he  felt  an  intense  pain  iti  his  heart  and  be- 
gan to  get  white  in  tl»e  face  and  blue  at  the  lips.  Since  then,  though  he  has  been 
ioeing  weight  and  strength,  he  haa  had  no  more  pain.  Ue  has  had  occaaional  headaches 
during  the  illness. 

Examination  shows  a  well-nourished  boy  of  sallow  color,  with  injected  pharynx, 
enlarged  tonsils,  and  enlargeti  posterior  cervical  and  axillurv-  lympli-glandK.  Chest 
is  well  formed  and  lungs  are  negative  but  for  a  few  moist  rfiles  over  the  left  apex. 

Heart . — There  is  marked  precordial  bulging.  The  apex  beat  is  seen  in 
the  4th  left  interspace  9  cm.  from  the  midline.  Dulness  ext^ends  4  cm.  to  the 
right  of  the  midline  and  aliove  to  the  second  rib.  There  are  no  thrills.  The  first 
sound  at  the  apex  is  preceded  by  a  short  rumble  (FUnt  murmur)  and  replaced 
by  a  soft  blowing  systolic  murmur.  The  second  sound  is  clear  at  the  a}»ex, 
but  at  and  near  the  sternum  m  followed  by  a  blowing  diastolic  murmur, 
maximum  over  the  insertion  of  the  third  right  rib.  The  pulse  is  124  per  minute, 
small  but  definitely  collapsing,  and  there  are  well-marked  capillary 
pulsation  and  throbbing  of  the  carotids.     Bltxxl-pressure:  maximal  1  15-125  mm.  Hg. 

Joints.  — There  are  swelling  of  right  e  1  b  o w  and  left  ankle  and 
Boreness  of  elbows,  knees,  and  right  hip;  slight  wasting  of  interossei  of  hands  and  feet. 
Genitalia  and  reflexes  are  normal. 

There  is  no  c^lenia.  Re<l  blood -corpuscles  S.IMO.OOO;  haemoglobin  75  per  cent.; 
leucocytes  11,000.  Urine. — Lemon  yellow.  Specific  gravity  1015;  alkaline;  no 
sugar;  a  trace  of  albumen;  a  coimiderahle  number  of  coarsely  granular  cawts. 

Oct.  31.  Dulness  extends  7.5  cm.  to  the  left  of  the  midhne  and  2.5  cm.  to 
the  right,  Nov.  13.  Red  blootl-corpUHcles  5,000.000;  ha^njoglobin  SO  per  cent.;  leuco- 
cytes tt,fMK).  General  condition  i.s  excellent.  Fiilse  continues  rapisl.  The  joints  are  clear. 
Jan.  5.  There  has  been  gradual  progre-ssive  iniprovenieiit.  Red  blood-corpuscles  4.700,0tX); 
haemoglobin  90  per  cent.;  leuctwytes  11,000.  There  hus  been  a  gradual  rise  in  the  ma.ximal 
pressure  to  150-M)d  mm.  Hg,  as  the  patient's  improvement  has  continued  in  spite  of  the 
rapid  pulse.  The  patient  was  discharged  ((uite  well  on  Jan.  17,  but  had  a  second  more 
severe  attack  several  years  later. 

TREATMENT. 

The  treatmont  of  the  acute  attack  of  endocarditis  partakes  in  general 
of  the  treatment  of  a  mild  febrile  di-sease  or  a  secondary  ansemia  on  the 
one  hand,  and  of  the  particular  valvular  disease  on  the  other.  Rest  in 
bed  until  a  couple  of  weeks  after  the  sub.sidence  of  all  febrile  symptoms 
is  therefore  an  absolute  necessity,  also  light  and  easily  digestible  diet,  at 
first  of  800-1000  calories,  later  2500. 

Dtgitalis  and  Strychnine. — As  a  rule,  digitalis    ia    not    absolutely 
icessary,  and  i.s  dispensed  with  by  most  Anglo-American  practitioners. 

However,  Cloetta  haa  shown  that  the  hearts  of  animals  in  which  aortic  insufficiency 
has  l)eeii  produced  px|)crimeiitally  recover  much  letter,  imdergo  much  Iprs  dilatation,  and 
acquire  much  greater  strength  if  digitalis  trt^atment  is  begun  at  once  and  is  continued  over 
long  periods  (about  a  yearj  than  if  this  treatment  is  omitted.  Cloetta  claims  equally  good 
results  in  man,  but  hie  cases  are  too  few  to  warrant  conclusions.  Nevertheless,  the  results 
are  sufficiently  definite  to  warrant  the  prolonged  use  of  digitalis  in  small  doses  (0.3  to  0.6 
c.c;  ti\,v  to  X  of  the  tincture)  in  caaes  o!  acute  endocarditis  with  cardiac  dilatation. 
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In  cases  in  whit-h  digitalis  is  not  used  strychnine  should  be  giver 
in  doses  of  2  to  3  mg.  (A  to  ^V  g''-)  three  or  four  times  a  day. 

The  salicylate  preparations,  sodium  salicylate,  salol,  salipy- 
rin,  aspirin,  etc.,  should  be  given  for  the  rheumatism:  but,  although  they 
certainl}'  relieve  the  paiti,  and  it  has  been  shown  that  they  ai*e  excreted 
into  the  joint  cavity,  the  duration  of  the  fever  and  arthritis  does  not  seem 
to  be  much  affected  by  them,  and  certainly  the  frequency  of  cardiac 
involvement  is  unchanged.  On  the  other  hand,  the  salicylates,  especially 
in  large  do8e.s,  have  a  depres.sant  effect  upon  the  heart,  and  the  use  of 
these  drugs  should  therefore  be  as  restricted  as  is  consistent  with  relief  of 
arthritic  pain. 

Accor<Iii»K  to  nrajiy  nutborities,  the  ealicylutes  seem  to  be  more  effective  when  in- 
jecte^I  directly  intt^  the  joint  or  into  the  tis.*fues  immediately  surrouiittiiig  it.  The  writer's 
experience  with  this  method  is  Uniited  and  in  the  cases  tried  its  results  were  not  strikin^r^ 
but  it  is  sometinies  worthy  of  trial.  Oil  of  wintergrecii  (Oleum  gaultheria',  methyl  sali- 
cylate)  applied  to  the  skin  over  the  joint  also  seems  to  cause  greiit  relief  of  pain,  but  it  is 
IXJasible  thai  the  rubbing  may  also  cause  mure  of  the  micrococci  to  be  thrown  out  in  the 
blood  stream  tlian  might  otherwise  he  the  cukc.  Hot  compresgea  of  saturated  aqueous  i 
solutions  of  oil  of  wiiiterKreen  to  the  Joint  may  Buflice  to  allay  pain. 

Other  Therapeutic  Measures. — It  is  most  important  to  relieve  anxmia^  1 
which  is  usually  present  and  which  is  always  a  contributing  factor  to  the 
fatty   degeneratioti    and    weakness   of  the   myocardium.      Rest,   full   diet 
especially  rich  in  eggs,  milk,  and  green  vegetables,  and  administration  of  j 
iron  usually  relieve  this  symptom. 

The  iron  may  be  adminLstered  as  Pil.  ferri  carbonatis  (Biaud'.s  pill.«).  0.2  to  0.3  G. 
(cr.  iii  lo  pr.  v)  t.i.d..  p.c;  or  Massa  ferri  carbonatis  (Vallel  s  mass,  a  more  stable  prepu- 
raiion  oontaiuing  honey  instead  of  stigar);  Plixir  ferri.  i|uiniiiae  et  strj'chiuna?,  8  c.c.  (5ii)  > 
t.i.d.,  a.e.;  or  as  Syrup,  ferri  iodid.,  1  c.c.  (itl  xv)  i.i.d.,  p.c 

If  the  ana'mia  is  severe  or  does  not  yield  to  iron  alone,  arsenic  should 
be  given  as  well,  since  it  lias  been  shown  that  iron  and  arsenic  together 
accelerate  formation  of  red  corpuscles  and  hjemoglobin  more  than  does] 
either  drug  alone. 

Arsenic  is  usually  piven  in  ihe  form  of  Liquor  fxitajvsii  arsenitis  (Fowler's  solution), 
beginning  in  «loses  of  U.2  c.c.  (tH,)ii)  t.i.d.,  p.e.,  and  incrpiusing  one  drop  at  each  do«e  until 
1  c.c.  (wtxv)  is  reached  or  puffy  eyelids  and  albuminous  urine  tthow  that  the  physiological 
limit  has  been  reached. 

Prophylactic  Treatment. — One  of  the  most  important  fartors  in  hasten- 
ing the  hetding  of  a  fresh  vegettition  is  to  keep  it  from  being  reinfect/ed  by 
bacteria  floating  in  the  blood  stream.  Every  focus  of  infection  is  a  store- 
house from  which  a  few  bacteria  are  given  off  from  time  to  time,  and  hence 
is  a  source  of  danger,  .\ccordingly  in  a  number  of  clinics,  and  particularly 
in  the  medical  clinic  of  the  Johns  Hopkins  Hospital,  under  Prof.  Barker's 
direction,  an  effort  is  l^eing  made  to  stamp  out  every  focus  of  infection  to  be 
found  anywhere  in  the  boily.  Carious  teeth,  paronychias,  and  ischiorectal 
abscesses  arc  removed.  Particular  attention  is  given  to  the  tonsils.  These 
organs  are  tlie  main  portals  of  entry  for  the  rheumatic  infection.  In  persons 
Avho  are  sul>ject  to  recurrent  tonsillitis  there  are  almost  always  small  ab- 
scesses contaiaiug  cocci  persisting  in  the  depths  of  the  tonsillar  tissue,  even 
when  there  is  no  inflammation  visible  upon  the  surface.    These  are  perma- 


ENDOCARDITIS. 

nent  portals  of  infection.  Dr.  Barker  therefore  insists  upon  the  removal 
of  enlarged  tonsils  in  most  cases  of  rheumatic  heart  disease.  This 
should  be  done  between  but  not  during  the  attacks,  since 
there  is  danger  of  throwing  more  cocci  into  the  blood.  The  improvement 
which  fo]low.s  removal  is  sometimes  immediate  and  striking.  The  patient's 
color  improvea  w^ithin  a  few  days.  He  feels  better.  His  expression  is 
brighter,  and  he  appears  more  robust.  Improvement  is  more  rapid  and, 
since  reinfection  is  less  frequent,  it  is  more  permanent. 

It  is  naturally  of  (jreat  importance  that  all  the  tciixsillar  tissue  should  be  remove<l, 
Rince  a  small  amount  left  in  [>lace  may  a^rain  undergo  hypertrophy  and  become  reinfected. 
8uch  coni[»li?te  removii!  ia  impassihio  with  the  guillotine,  the  snare,  an«i  the  elect m-caui€ry, 
and  is  extremely  ditficult  by  even  the  ordinary  intracapHular  dissection.  The  moat  satia- 
factory  method  known  to  the  writer  ia  the  extracapsular  diaaection. 

Palliative  Treatment  of  the  Tonsils. — By  way  uf  palliative  or  prophylactic 
treatment  varitju.s  antiseptic  gargles  may  be  used.  Gargles  w^iich  contain 
hydrogen  peroxide  are  to  be  preferred,  because  the  pus-cells  contain  a  catalase 
which  sets  free  the  oxygen.  The  nascent  ox"yKen  is  a  ]K>werful  antiseptic,  and 
the  excess  collects  in  bubbles  which  mechanically  loosen  and  sweep  off  the 
exudate.  The  hytlrogen  peroxide  should  not  be  stronger  than  2  volume  per 
cent,  (one  part  commercial  hydrogen  peroxide  to  fttur  parts  of  water). 

Other  gargle.s  that  may  be  used  arc  Dobell's  solution,  dilute  Lugol's 
solution,  and  dilute  potassium  chlorate  solution  (especially  with  equal  parts 
of  dilute  hydrogen  peroxide). 

Prym's  suction  cups  may  also  be  applied  to  the  tonsils. 
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MITRAL  INSUFFICIENCY. 

nCCURHENCE. 

Of  all  the  valvular  lesions  those  involving  the  mitral  valve  are  the 
most  common,  especially  those  which  lead  to  the  production  of  a  leak  at 
that  orifico  (mitral  insufficiency,  mitral  reguri^tation,  incompetency  of  the 
mitral  valve). 

Involvement  of  the  niirral  valve  (done  was  found  to  be  pretsent  in  51  per  cent,  of  1781 
cases  of  valvular  disease  adnutted  to  the  Johns  Hopkinfl  Hospital  between  1889  and  1908, 
and  in  M  per  rent,  of  Sperling's  300  autopsies  on  similar  eases  in  Virchow's  Pathological 
Institute  in  Bedin.  (Fig.  179.)  MitraJ  insufiidcncy,  both  alone  and  in  association  with 
other  lesioMj  was  present  in  64  p>er  cent,  of  the  Johns  Hopkins  cases,  occurring  alone  in 
20  per  c«nt.  (aee  the  Table,  Fig.  179). 

As  regards  agc^  Gillespie  (Fifr.  17S)  has  found  from  a  study  of  S16 
cases  that  its  frequency  is  about  uniform  between  ten  and  fifty  years,  after 
which  it  diminishes.  This  is  in  sharp  contrast  to  the  cases  of  mitral  ste- 
nosis, which  arc  most  frequent  before  the  age  of  thirty  and  become  much 
rarer  after  thirty.  In  youth  women  are  slightly  more  often  affected;  in  old 
age  the  affection  is  a  little  more  common  among  men.  The  mortality  from 
mitral  insufficiency  becomes  greater  as  age  progresses. 

PATHOLOGICAL    ANATOMY. 

Pathologically,  cases  of  mitral  insufficiency  may  be  divided  into  two 
groups: 

1.  Organic,  due  to  vegetations,  cicatrizations,  or  atheromatous  plaques, 
thickening  of  the  edges  of  the  valves,  or  ulceration  upon  the  valve  itself. 

2.  Functional  (or  relative),  in  which  the  valves  are  intact,  but  closure 
becomes  imperfect  through  relaxation  of  the  muscle  into  which  the  cusps 
are  inserted,  or  through  stretching  of  the  chordii;  teudincie. 

Organic  Mitral  Insufficiency.  —  The  pathogenesis  of  organic  insuffi- 
ciency is  simple.  The  lesions  arise  during  the  course  of  an  acute  or 
subacute  endocarditis,  and  frequently  result  from  the  accumulation  of 
inflammatory  exuilates  from  several  suecessive  infections.  These  are 
cemented  into  permanent  structures  by  organization  and  calcification. 
Occasionally  a  perforation  of  the  valve  occurs  from  ulceration.  As  in 
acute  endocarditis,  infection  in  the  rheumatic  cycle  is  the  most  common 
cause  of  chronic  mitral  disease,  though  other  infections  may  represent  not 
only  priniar>^  but  exacerbating  factors. 

The  vegetation,  once  formed,  gives  rise  to  the  leak  by  holding  apart 
the  neighboring  portions  of  the  cusps  so  that  regurgitant  streams  occur 
about  its  serrations  (Fig.  180,  a.  A). 
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Tests  for  Sufficiency  of  Mitrai  Valve. — It  ia  amy  to  demonstrate?  by  the  methtxi  of 
Gad  (see  page  13)  and  Mei^'s  that  wheJi  the  veRetution  is  not  extonsivc  the  mitral  cuspa 
may  adapt  thftiisclves  jx'rfectly  to  itts  contour  and  prevent  a  leidt  altogether;  but  when, 
a;s  is  usually  the  case,  their  flexibility  is  altered  by  a  line  of  vej^^talion,  athertuua,  or  infil- 
tration, this  Hppofijtior)  is  prevented.  The  aiiHiunt  nf  h]mn\  actually  regurgitating,  and 
hence  the  functional  importance  of  the  lesion,  dej>endH  largely  ujaiu  these  factors,  oa  well 
as  upon  the  concotnilaut  affection  of  the  canliac  muscle. 

The  normal  mitral  valve  will  hold  without  leakage  against  a  column  of  water  forced 
into  the  ventricle  through  the  aorta  from  the  faucet  (T.  \V.  King,  lH-i7;  (rtbson,  Meigs), 
poured  into  it  thniugh  a  slit  near  the  apex  with  the  heart  invorteil  (Bleichrfx-der),  or  forced 
into  it  through  an  infusion  needle  attju'he<l  to  a  Davidson  syringe  (f.auder  Bruntou).  It 
will  close  tightly  about  a  rod,  damp,  or  even  an  irregular  mass  of  knofte*i  string  shaped 
like  a  vegetation  (de  Sautelle  and  Grey,  Arch.  Int.  Med.,  HHI,  viu,  7:i4),  but  when  the 
heart  muscle  is  relaxed  or  the  valve  ia  thickeaed  and  rigid  either  of  these  things  brings  on 
a  leak. 

A  B  C 
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Fto.  180,  — ReRurjj  i  r  r-  .   :   ;    ,  ,  tioniO  mitral  inffufficiencies.     A.  organic  mitral 

insufficiency;  B.  funcdor  ,i  n,  .tri.  .  ■  ■■•  ii  .  ].!].■  ],,}\  ivpc;  C,  relative  mitral  insufficiency;  a,  view 
from  above  the  valvea  ;  b,  coroaury  stLtiun  tlirough  the  heart.  Tlie  urrowa  indicate  Uie  jioinUi  ami  (Jirw^ 
tiou  of  r>>gur{ptatio(t)4. 

Coexistence  of  Organic  and  Functional  Insufficiency. — As  has  been 

statCLl  above  {page  304),  Koestor,  Krehl,  Geipel.  and  othors  have  shown  that 
the  occurrence  of  vegetations  upon  the  valves  is  often,  perhaps  usually, 
accompanied  by  foci  of  myocarditis  in  the  papillaty  mus- 
cles and  in  the  ring  of  rauf5culature  about  the  mitral  orifice.  It  is  the 
weakening  of  these  muscle-fibres  esjiccially  which  gives  rise  to  the  func- 
tional insufficiencies,  and  it  ia  therefore  y)robable  that  in 
many  cases  of  organic  mitral  insufficiency  the  ele- 
ment of  superadded  muscular  insufficiency  is  a  very 
important  one.  Indeed  one  often  meets  with  persons  who,  in  spito 
of  metlium-sized  vegetations,  suffer  Uttle  or  no  discomfort  as  long  as  the 
heart  muscle  is  in  good  condition,  but  in  whom  cardiac  syiiiptoma 
occur  US  soon  as  overstrain,  ana?niia,  or  febrile  disease  weakens  the  myo- 
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cartlium.  Tn  the  periods  of  apparent  health,  the  leak  is  confined  to  the 
streams  about  the  edges  of  the  vegetation.  In  the  added  functional  insuf- 
ficiency it  also  takes  place  at  other  points  along  the  hue  of  cloaure.  How- 
ever, it  is  impossible  to  differentiate  elinieally  between  the  organic  and  the 
functional  elements,  and  their  relative  importance  in  a  given  case  cannot 
be  accurately  estimated. 

Atheroma  of  the  Mitral  Valve. — Atheromatous  and  calcified  patches  along  the  face 
and  edges  of  the  cuspes  of  the  valves  are  also  not  uncommon  (see  Fig.  276,  page  675). 
These  changes  are  |jarlicularly  fre<juent  along  the  hne  of  closure,  where,  as  shown  by  Roy 
and  Adami.  mechanical  injury,  hemorrhages,  and  e.\udales  are  most  frequent.  Patho- 
logically, they  are  brought  about  by  processes  similar  to  those  occurring  in  the  walls  of  tlie 
arteries  during  arteriosclerosis,  and  the  condition  is  fre<]uently  associated  with  extensive 
sclerosis  of  the  coronary  arteries.  Calciliedi  plaques  may  also  be  present  in  the  myocardium 
(case  of  J,  L.,  Fig.  275).  The  mechanical  effect  of  such  thickenings  and  areas  of  rigidity 
is  to  prevent  the  cusps  from  accojmuo<lating  themselves  to  one  another,  giving  rise  to  leaks 
which  are  undistinguisha1>le  clinically  from  those  due  to  vegetations. 

Hemorrhage  in  the  Mitral  Valve. — Occasionally  hemorrhages  occur  in  the  cusps  of 
the  mitrsil  valve,  es[n:ciully  after  tramua  to  the  chest  (Kalbs)  or  labor  (Weber  and 
Deguy),  und  in  new-born  infanta  (Fahr).  It  is  probable  that  the  organiaation  of  the  clot 
initiates  a  fibroBis  which  leads  to  mitral  stjenoeis. 

Functional  Mitral  Insufficiency. — When  the  heart  muscle  attains  a 
certain  degree  of  weakness,  leaks  at  the  mitral  orifice  ma}-^  take  place. 
They  may  occur  as  the  direct  result  of  acute  cardiac  dilatation  from  a  pri- 
mary cardiac  overstrain,  though  they  arise  more  frequently  in  hearts  whose 
m3'ocardium  has  already  undergone  degenerative  or  fibrous  changes  but 
whose  valves  are  still  intact.  Thi.s  functional  insufficiency  is  often  seen  in 
cases  of  myocarditis.  On  the  other  hand,  functional  insufficiency  of  the 
mitral  valve  may  arise  as  a  secondary  manifestation  in  organic  disease  of  the 
aortic  valves.  This  occure  especially  when  the  leak  attains  a  severe  grade  or 
the  work  of  the  heart  is  too  nmch  increased,  the  walls  of  the  ventricle  and 
the  papillary  muscles  becoming  overstretched  during  diastole.  This  phe- 
nomenon will  be  further  discussed  in  the  chapter  upon  aortic  insufficiency. 

Types  of  Functional  Insufficiency. — The  leaks  occurring  at  the  mitral 
valve  as  the  result  of  muscular  weakness  may  be  divided  into  two  groups: 

1.  Papii-uary  iNseFFiciENCY. — Leaks  occurring  at  one  or  more  points  along  the 
valve  (Fig.  ISO,  B,  b)  when  the  weakness  of  a  pajjillary  nuiscic  or  stretching  of  a  chorda 
tendinea  alloivs  the  corresponding  {njrtion  of  the  valve  to  1*  hfted  a  little,  mid  a  small 
regurgitant  stream  to  emerge  at  one  of  the  points  of  pouting  and  puckering  along  the  Une 
of  closure.  This  may  be  tenned  the  tyi>e  of  j>  a  p  i  11  a  r  y  insufficiency,  and 
like  many  cases  of  uncomphcate<l  organic  inaufliciency  may  correspond  to  the  escape  of 
only  a  small  <|uantily  of  blooil.  This  papillary  insiufficiency  represents  the  mildest  form  of 
functional  regurgitation.  The  mitral  valve  is  pushed  up^vanl  during  systole,  Uke  a  sail, 
impelled  by  the  fulJ  force  of  the  entire  ventricular  wall.  ThiH  is  antagonize<l  by  the  pull 
of  the  relatively  r.mall  papillary  muscles.  It  is  evident  that  fibre  for  fibre  the  papillarj,- 
mmcles  incur  a  much  greater  strain  than  the  fibres  in  the  ventricular  wall,  and  consequently 
they  are  often  the  first  to  weaken.  When  they  weaken  api>ositioii  of  the  cusi^s  is  impaired 
and  regurgitation  sets  in.  Moreover,  since  T,  W.  King  and  Gibson  have  shown  (hat  the 
normal  mitral  ^alve  usually  holds  unless  dilatation  sets  in,  it  is  eWdent  tliat  the  papillary 
type  of  insufficiency  is  the  only  form  of  functional  insufficiency  that  can  occur  in  a  heart 
that  is  not  greatly  dilated. 

2.  Relative  iNaiTrnciKNcn'. — The  second  type  of  fimctionul  insufficiency  is  met  with 
when  the  left  ventricle  is  <1  i  1  a  l  e  d  l  o  such  an  extent  that  the  mitral 
orifice  becomes  larger  than  the  available  area  of  val\e  surface, 
and  v\hat  may  lie   correctly  termed  a   relative   insufficiency    results.      L'ad«»r 
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loonditions  the  leak  occurs  not  at  a  single  jxiint  but  all  along  the  line  of  closure  (Fig. 
180,  C).  The  amount  of  bhxjd  which  regurgitates  under  these  conditions  may  be  very  large. 
Pathooenesi.s*  of  these  Types. — The  mode  of  occurrence  of  these  types  of  in- 
suffidency  may  be  readily  demonstrated  by  the  method  of  Gad  and  Meigs,  tho\jgh  care 
tnUBt  be  taken  that  the  heart  UBCti  for  the  experiment  is  not  in  a  condition  of  rigor  mortis. 
If  water  is  forced  into  the  ventriciea  at  various  pressures,  it  will  be  seen  that,  as  shown  by  G. 
A.  Giheon,  leakage  will  occur  at  a  relatively  slight  pressure.  This  regurgitation  will  be 
small  in  amount,  and  will  l>e  seen  to  be  of  the  papillarj'  typje;  but  if  the  pressure  is  sufii- 
cientiy  increased  and  the  ventricle  dilated,  the  cusps  of  the  valve  stand  apart,  the  true 
relative  insufficiency  (type  2)  is  produced,  and  a  large  amount  of  fluid  regurgitates.  The 
role  which  stretching  of  the  muscle  plays  in  this  regurgitation  may  be  shown  by  boiling  the 
heart  and  thereby  shortening  the  fibres  m  heat  rigor,  after  which  the  leak  that  was  present 
disapjjears  and  does  not  recur  until  much  greater  pressures  are  resorted  to.  Gibson  has 
caused  the  leak  to  disappear  by  tightening  a  ligature  about  the  rnitml  muscular  ring.  It  ia 
therefore  evident  that  the  tonicity  of  the  cardiac  muscle  is  an  imfx^rtunt  element  in  deter- 
mining the  occurrence  and  the  degree  of  leak  both  in  functional  and  in  organic  mitral  insuffi- 
ciency. Tliis  point  is  of  the  greatest  importance  in  therapeutic  considerations,  and  will  be 
referred  to  later. 

Occurrence  of  Functional  Insufficiency. — Functional  insuflRciency  of 
the  mitral  valve  occurs  in  primary  cardiac  overstrain,  in  ancemias,  duiing 
the  course  of  and  convalescence  from  infectious  diseases,  and  in  many 
cases  of  aortic  disease.  A  certain  percentage  of  the  cases  in  which  aortic 
and  mitral  insufficiencies  are  found  simultaneously  belongs  to  this  group. 

Lian,  in  Frant;ois-Franck'a  laboratory',  has  shown  that  the  contraction 
of  the  ring  of  muscle  about  the  mitral  valve  (niitro-aortic  ring)  narrows 
the  diameter  of  the  orifice  during  systole.  He  demonstrated  that  when 
contraction  la  weakened  the  valves  may  not  remain  in  perfect  apposition. 

MECHANIC8    OF    THE    CIRCUL.VTIOX    IN    MITRAL    INSUFFICIENCY. 

It  is  almost  axiomatic  to  state  that  the  systolic  regurgitation  of  blood 
from  left  ventricle  to  left  auricle  in  mitral  insufficiency  is  accompanied  by 
a  fall  of  pressure  in  the  former  and  a  rise  of  pressure  in  the  latter. 
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Fio.  181. — Diagrmm  bIiuwidj;  the  volume  ami  pretwure  curves  luiiler  thwe  fonditioiix.  ^8c)t«natio.) 
tTpp«r  curve  (A),  interaunouUr  pre*»ure;  i>o)i<i  titack  I'me,  volume  our\'e  of  iliis  left  auricle;  lower  curve 
(V),  intraventricular  pressure;. In  broken  pulmonary  comp^nsatioa  ttM*  left  Kuricle  is  diltiled. 


The  regurgitation  of  blood  into  the  left  auricle  causes  a  systolic  rise  of 
pressure  to  take  place  in  this  chamber,  replacing  the  .systolic  fall  of  pressure 
which  is  present  under  normal  conditions  I  Fig.  ISl).  The  pressure  curve 
within  thi.s  chamber  in  tuitral  insufficiency  thus  resembles  that  seen  in  the 
right  auricle  in  tricuspid  insufficiency — a  rise  throughout  ventricular  systole 
with  a  fall  during  diastole,  and  a  small  rise  when  systole  of  the  auricle 
takes  place. 
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The  pressure  conditions  within  the  pulmonary  circulation  are  of  the 
greatest  importance^  and  in  this  both  the  force-pump  and  the  suction- 
pump  actions  of  the  vontriele  show  themselves. 

Effect  of  Mitral  Insufficiency  without  Increase  in  the  Strenj^th  of  the 
Ventricle. — If  the  farce  of  the  left  ventricle  remains  iinalteredi  after  the 
production  of  the  insufficiency,  it  stands  to  reason  that  less  blood  will  reach 
the  arteries  and  pass  on  to  the  capillarioa  and  systemic  veins  than  did  so 
before.  The  arterial  blood-pressure  will  fall.  Consequently  less  blood  will 
enter  the  right  side  of  the  heart  from  the  venaj  cavse,  and  the  pressure  in  the 
latter  will  be  lowered.  The  systolic  output  of  the  right  A'entricle  wOl  thus 
be  diminished  and  the  pressure  in  the  pulmonary  artery  will  fall.  On  the 
other  hand,  the  regurgitated  blood  in  the  left  auricle  and  pulmonary  veins 
added  to  that  coming  on  from  the  pulmonary  artery  will  cause  the  pres- 
sure in  the  left  auricle,  the  pulmonary  veins,  and  the  capillaries  of  the  lungs 
to  rise  (Fig.  im,  III). 


Fia.  182. — Curi'e  of  intraventrifular  preemure  iit  mitral  in.tufficiMicy  produ^'erJ  on  a  inechaniral 
model,  (.\fter  Marey.)  P.  V.,  iDlravcntrictilar  prewure;  F.  R.,  arterial  pressure.  The  hori»int«l  line 
denot0»  thp  produi^Uun  of  insufficiency.  O,  uotch  due  to  the  auricular  systole;  r,  summit  ot  the  curve 
during  eyMtule  uf  the  ventricle. 


Pulmonary  Stasis. — As  v.  Basch  and  his  pupils  have  shown,  conges- 
tion of  the  pulmonaiy  capillaries  is  the  most  important  cause  of  cardiac 
dyspna*a  (broken  pulmonary  compensation).  Hence  it  will  not  be  sur- 
prising that  dyspnuca  from  this  causes  is  an  early  and  important  symptom 
of  mitral  insufficipucy,  and  that  its  disappearance  depends  upon  other 
factors  which  tend  to  deplete  the  pulmonarj'  capillaries.  (Diminution  in 
the  amount  of  blood  entering  right  ventricle,  or  weakened  suction-pump 
action  of  left.)  The  capillary  area  is  sufficiently  elastic  to  accommodate  a 
considerable  amount  of  regurgitant  blood  before  this  furnishes  an  obstruc- 
tion to  the  pulmonary  artery,  just  as  is  the  case  with  the  capillaries  of  the 
splanchnic  area,  but  after  a  time  or  in  severe  lesions  the  intrapulmoiiarj-  stasis 
finally  makes  its  effect  felt  in  the  pulmonary  arter}*.  The  pressure  there  rises 
(Gerhardt) .  When  the  pulmonary  stasis  becomes  extreme  the  right  ventricle, 
too,  becomes  overloaded  and  dilated.  Broken  systemic  compen- 
sation sets  in  (Fig.  183,  IV).  Stasis  occurs  in  the  systemic  veiniJ, 
oedema  and  ascites  take  place,  and  a  secondary  functional  insufficiency  of 
the  tricuspid  valve  may  usually  be  demonstrated.  With  the  occurrence  of 
this  secondar\*  leak  at  the  tricuspid  orifice,  less  blood  Is  pumped  into  the 
j>ulmonaiy  circulal  ion,  the  congestion  here  diminishes,  the  dyspna-a  dinun- 
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ishes  also,  and  in  spite  of  the  increased  gravity  of  the  condition  the  patient 
may  exporit>nce  some  temporary  relief  from  hia  symptoms.  This  phenom- 
enon was  notcti  by  T.  \\\  King  in  1S37,  and  was  designated  by  him  'the 
safety-valve  action  of  the  tricuspid  valve."  The  relief  is,  however,  only 
transitory,  as  the  accumulation  of  CO3  in  the  blood  soon  gives  rise  to 
dyspnoea  from  stimulation  of  the  respiratory  centre  in  the  medulla,  and  the 
real  state  of  cardiac  failure  manifests  itself.  If  the  condition  is  allowed  to 
continue,  the  outcome  is  death. 
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Fio.  183. — DinKrarn  whowini?  the  effect*  of  mitral  insufficiency  upon  tho  cJrculiitiou.  I,  NormAl. 
!I.  Com penRH lion  thmuKh  Ailing  of  the  auride  in  B^Tttole  but  complete  emptyius  in  liiiLst^le.  III.  Broken 
pulmonary  oompenjwition.     IV.  Broken  8yirt«mic  oompensatioa.  (Conipare  with  Fl«.  20.) 

Effect  of  Increase  in  the  Strength  of  the  Left  Ventricle.— If,  on  the 

other  hand,  the  force  of  the  loft  ventricle  increases,  it  can  throw  more 
blood  out  into  the  aorta  and  arteries;  and  this  blood  must  first  bo  drawn 
from  the  left  auricle  and  pulmonary  circulation.  So  that  if  the  output 
from  the  ventricle  increa.se,  it  will  soon  be  pumping  more  blood  into 
the  aorta  than  the  right  ventricle  (whose  force  has  remained  practically 
unchanged)  pumps  into  tho  pulmonary  arterj'.  Accordingly  more  blood 
leaves  the  lungs  than  enters  them,  anij  tho  engorgement  passes  off.  The 
whole  condition  may  be  summed  up  by  the  statement  that  a  weakly 
acting  left  ventricle  overfills  the  lungs  with  blood, 
while  a  strongly  acting  left  ventricle  bails  them  out. 
The  whole  of  pulmonary  engorgement  is,  as  rightly 
claimed  by  v.  Baschj,  a  problem  not  of  the  right  ventri- 
cle,   but   of   the   left. 


CLINICAL  MANIFESTATIONS. 
MITRAL  INSUFFICIENCY   WITHOUT    SYMPTOMS. 

The  earliest  circulatory  disturbance  in  mitral  insufficiency  ia  stasis  in 
the  pulmonary  capillaiies,  which,  as  v.  Basch  and  his  pupils  have  shown, 
leads  to  cardiac  dyspncca.  Accordingly,  it  is  not  surprising  that  dyspncea 
should  be  one  of  the  earliest  symptoms  of  mitral  iusuiiiciency.     Bui  the 
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pulmonary  stasis  does  not  occur  or  does  not  persist  when  the  action  of  the 
left  ventricle  is  sufficiently  vigorous,  and  hence  in  the  milder  cases  shortness 
of  breath  may  be  absent  for  a  long  time  after  the  actual  formation  of  the 
iesion  and  may  make  itself  evident  only  upon  exertion. 

Thus,  a  young  friend  of  the  writer,  a  boy  of  eleven,  in  1907  contracted  tonsillitis  accom- 
panied by  the  typical  signs  of  mitral  insufficiency.  He  was  kept  moderately  quiet  on  account 
of  the  throat  lesion  and  had  apparently  recovered  completely,  so  that  the  family  did  not 
notice  any  abnormality  until  a  year  afterward,  when  he  became  somewhat  short  of  breath 
upon  walking  upliill.  Since  a  little  caution  has  been  exercised  against  fast  walking  he  no 
longer  becomes  short  of  breath  and  remains  |)erfect!y  free  from  symptoms.  The  prognosis 
is  very  favorable.  In  some  more  v-igorous  individuals  the  lesion  does  not  manifest  itself 
At  all.  The  writer  has  in  mind  a  young  man  of  twenty-one  who  has  shown  sigiis  of  mitral 
insufficiency  for  eight  years,  but  during  that  j^riod  has  excelled  at  football,  wrestling,  and 
All  the  severe  forms  of  sport ;  also  a  professor  of  forty  who  has  had  a  mitral  lesion  of  rheumatic 
•origin  for  some  time  without  the  slightest  physical  inconvenience.  These  causes,  though 
scarcely  to  be  regarded  as  the  rule,  are  encountered  with  great  frequency  in  patients  who 
-are  examined  for  some  other  cause.  Occasionally  such  persons  have  been  infonned  of  their 
trouble,  samelimes  given  a  grave  prognosis,  and  come  to  the  physician  in  great  mental 
^distress  because  they  have  been  told  that  they  have  "organic  heart  trouble,"  and  yet 
they  may  reach  middle  or  even  old  age  witliout  serious  inconvenience.  It  is  not  extremely 
uncommon  to  find  cases  in  whom  a  mitral  lesion  has  been  present  thirty  or  forty  years  with- 
•out  greatly  affecting  the  patient's  activity  or  enjoyment  of  life. 

Pulmonary  CompUca(ion»  of  Mitral  Disease. — The  prolonge<i  st^isis  and  high  pres- 
sure in  the  pulmonan^  capillaries  may,  however,  give  rise  to  permanent  changes  in  their 
walla  and  in  the  tissues  about  them  iuy<i  facilitate  the  occurrence  of  a  chronic  broncliitis. 
This  bronchitis  resuhiag  from  stasis  may  be  considere<l  nnalugous  in  origin  to  the  ulcerations 
and  weeping  eczema  foumd  ujKtn  the  legs  in  association  with  varicose  veins  or  cardiac  cedema. 
The  presence  of  this  chronic  bronchitis  is  liable  to  arouse  a  suspicion  of  tubercu- 
losis when  the  trouble  is  really  cardiac.  The  suspicion  is  sometimes  stil!  further  aroused 
in  the  cases  in  which  tiie  walls  of  tlie  capillaries  in  some  area  of  the  lungs  have  become 
eroded  and  occasional  pulmonary  hemorrhages  take  place,  Thus,  Osier  and  A.  G.  Gibson 
mentioD  the  case  of  a  phy.siaian  who  suffered  from  occasional  h  a  e  m  o  [)  t  y  s  i  8  due  to 
mitral  insufficiency  over  a  period  of  twenty-five  years,  each  attack  giving  rise  to  great  relief 
of  his  cardiac  eymptoma  by  relieving  the  engorgettient  of  the  left  auricle.  The  diagnosis  in 
such  cases  is  often  difficult,  but  may  be  made  when  there-is  continued  absence  of  tubercle 
bacilli  from  the  sputum,  and  esfiecially  from  the  ejected  blood,  asstjciated  with  the  signs  of 
a  definite  mitral  insuliicieney.  Further  confinnation  may  be  gained  by  a  negative  cuta- 
neous or  ophthalmic  reaction  with  tuberculin,  or  if  necessary  by  a  negative  subcutaneous 
injection  of  the  latter. 

MITRAL  INSUFFICIENCY    WITH    SYMPTOMS. 

Second  Stage  of  Mitral  Insufficiency  (Broken  Pulmonary  Compensa- 
tion).— A  more  severe  stage  with  less  favorable  prognosis  is  that  in  which  the 
lesion  manifests  itself  by  subjective  symptoms.  As  in  most  other  cardiac 
disturbances,  paipitation  occurs  early  in  the  disease.  Palpitation  is,  how- 
ever, common  in  healthy  persons,  and,  as  shown  by  Hirschfelder  (see  page 
2VS),  cannot  as  yet  be  regarded  as  signifying  functional  weakness,  so  that 
its  presence  scarcely  suffices  to  direct  suspicion  to  the  cardiac  valves. 

The  earliest  symptom  of  real  importance  is  shortness  of  breath. 
This  occurs  at  an  earlier  stage  in  affections  of  the  mitral  than  of  the  aortic 
valves,  but  is  more  marked  in  early  mitral  stenosis  than  in  early  mitral 
insufficiency.  Nevertheless,  it  may  be  quite  severe  in  compara- 
tively mild  grades  of  the  latter,  especially  on  exertion.  As  has 
been  stated  above,  the  dyspncea  is  due  to  the  pulmonaiy  engorgement,  as 
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shown  by  v.  Basch.  It  is  therefore  liable  to  pas8  off  when  the  left  ventricle 
hypertrophies  and  the  systolic  output  is  increased  and  the  suction-pump 
action  iti  increased.  For  practical  purposes,  therefc3re,  such  persons  whose 
cardiac  function  has  been  restored  by  the  hypertrophy  of  the  left  ventricle 
may  be  said  to  have  passed  from  the  second  stage  insufficiency  back  into 
the  first.  They  often  remain  in  this  excellent  condition  for  a  number  of 
years,  and  sometimes  oscillate  between  the  first  and  the  second  stages  for 
a  number  of  years  more. 

Tonicity  of  the  Heart  as  a  Factor  Governing  the  Leak.  — A  most 
important  factor  in  preserving  this  balance  is  the  tonicity  of  the  car- 
diac muscle;  for  when  the  tonus  is  maintained  tlie  cusps  of  the  valve 
are  approximatetl  as  tightly  as  possible  about  the  thickening,  and  the 
amount  of  leak  is  reduced  to  minimal,  whereas  when  the  tonicity  is  low 
the  organic  leak  is  further  supplemented  b)'  a  papillary  or  a  relative  insuf- 
ficiency. A  small  leak  is  thus,  if  only  for  a  time,  transformed 
into  a  large  one.  When  tonicity  is  low  it  is  harder  for  the  heart  to 
recover  from  such  an  additional  strain  than  if  the  latter  occur  at  a  time 
when  the  tonus  is  increased.  The  added  functional  insufficiency  may  thus 
become  permanent.    We  have  here  another  example  of  the  vicious  circle: 


Leak  at  mitral  valve 
Leak  increased  , 


Papillary  or 
relative  insufficiency 


Heart  strain 
Diminished  tonicity 


It  is  evident,  therefore,  that  in  spite  of  the  comparative  ease  with 
which  patients  may  recover  from  the  symptoms  of  mitral  insufficiency 
when  the  case  is  placed  under  favorable  conditions  as  soon  as  possible,  yet 
the  case  may  rapidly  become  a  grave  one  if  these  precautions  are  neglected, 
80  that,  in  the  words  of  Osier,  mitral  insufficiency  may  be  either  the  mildest 
or  the  gravest  of  valvular  lesions. 

Third  Stage  of  Mitra!  Insufficiency  (Broken  Systemic  G)mpensa- 
tion). — The  second  stage  of  mitral  insufficiency  represents  the  physiological 
conditions  shown  in  Fig.  1H3,  IV,  when  the  stasis  is  in  the  lungs  and  the 
work  of  the  right  ventricle  is  gradually  increasing.  The  third  stage  repre- 
sents that  in  which  the  right  ventricle  also  has  begun  to  fail, 
and  blood  begins  to  stagnate  in  the  systemic  veins  as  well.  The  pressure 
in  these  veins  increases  two-  to  threefold  {from  5-S  cm.  H3O  to  20-30  cm.) 
as  can  be  shown  by  the  method  of  Eyster  and  Hooker.  As  a  result  they 
dilate  and  the  flow  through  them  is  slowed,  changes  occur  in  the  capillary 
walls,  and  oedema  soon  takes  place — first  in  the  feet,  later  in  the  shins, 
thighs,  genitalia,  and  back.  With  the  onset  of  these  manifestations  the 
shortness  of  breath  becomes  extreme,  a  dyspnoea  of  medullary  origin  adding 
its  effect  to  the  pulmonary  engorgement.  The  patient  is  compelled  to  sit  up 
all  the  time,  gasping  for  breath,  occasionally  ^\ith  paroxysms  of  real  cardiac 
asthma  and  palpitation,  sometimes  with  pains  in  the  hearty  severe  cough, 
and  expectoration  of  considerable  amounts  of  sputum  which  often  contains 
cells  loaded  with  blood  pigment  (HerzfehlerzeUen),  The  urine  becomes 
scant  and  loaded  with  albumin  and  ca^its.    Ascites  may  set  in  and  may 
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even  become  so  great  as  to  require  repeated  tapping.  The  same  is  true  of 
hydrothorax.  On  this  account  it  is  more  coramon  upon  the  right  side. 
Cnless  the  course  of  the  disease  is  checked,  death  may  follow  after  this 
stage  has  set  in;  but  if  the  work  of  the  heart  can  be  diminished  and  its  action 
strengthened  it  may  soon  pump  out  the  stagnating  blood  and  lower  the 
venous  pressure.  From  this  cause,  and  owing  to  the  concomitant  increase 
in  cardiac  tonicity,  the  dilatation  diminishes.  The  element  of  regurgitation 
which  is  of  functional  origin  disappears  and  the  amount  of  blood  regurgi- 
tating is  once  more  nnluced  to  that  which  flows  past  the  vegetations.  The 
w^ork  of  the  heart  is  again  brought  to  its  minimum,  and  thus  it  is  that 
almost  unhoped-for  recoveries  may  occur  in  mitral  insufficiency 
when  properly  treated. 

PHYSICAL    EXAMINATION. 

Inspection. — The  typical  picture  of  mitral  disease  is  seen  in  the  flushed 
pink  cheeks  with  slight  tinge  of  purple,  slightly  dilated  venules,  and  bright 
watery'  eyes,  giving  on  superficial  inspection  the  appearance  of  superabundant 
health — the  so-called  mitral  f  a  c  i  e  s  .  This  is  in  sharp  contrast  to  the  pale, 
pasty,  or  sallow  color  of  aortic  insufficiency,  or  the  hvld  purple  of  emphysema. 
The  lips  show  a  moderate  cyanosis.  There  is,  as  a  rule,  no  special  throbbing 
seen  in  the  carotids.  The  venous  pulse  is  usually  well  seen  and  is  of  the 
normal  "  double  "  type.  Since 
the  disturbance  of  function  in 
the  first  two  stages  is  in  the  pul- 
monary circulation  and  not  in 
the  systemic,  no  change  in  the 
jugular  pulsation  is  to  be  found 
nor  would  be  expected  until  the 
third  stage,  when  the  onset  of  ^^^ 
tricuspid  insufficiency  causes  it     ^^f  *       4l|| 

to  assume  the  '*  single  "  or  ven- 
tricular form. 

The  chest  may  show  pre- 
cordial  bulging,  especially  in 
children  and  in  cases  of  long 
standing.     The  apex  impulse  if 

visible      is       displaced       out-  Fio.  1&4,— Dutnbution  of  lb*  murmur  tn  mitml  in- 

ao     4^  r^  T.T      1.   I     *  V,  n    avi]]a  "ufficicfucy.     I>i'<tnbution    uptm    the   chcj«t   w»ll.     Liglit 

9     t  O  W  a  r  a     l  n  e     a  \  l  l  l  a  i^^,.    „u,iine  of  ci»rdi«<^  dutnew.;    heavy  line.  ouUiiir  of 

rather     than     downwards.  cnrdiac  Hatne-v.     Shwled  ar««  «liaw!«  itititribution  of  lhi» 

,      .       ,  I  f  1  I  munnur.    Tlie  diagram  at  the  right  indicates  thf  rcUtlon 

It  IS   frequently  of    a  slow  heav-  „f  the  rauraur  to  the  canliac  cycle. 

ing  character,  while  in  cases  of 

long-standing  iiulmonary  stasis  there  may  be  also  a  wavy  systolic  retrac- 
tion of  the  interspaces  which  mark  the  hypertrophy  of  the  right  ventricle. 
Occasionally  a  systolic  impulse  in  the  second  left  interspace  shows  ti»e 
vigorous  pulsation  of  the  pulmonary  arter^'.  In  very  large  hearts  it  is  not 
uncommon  to  find  a  .systoUc  retraction  present  along  the  outer  border  of 
dulness,  even  when  adherent  pericardium  is  absent. 

In   long-standing    cases  changes  in  the  extremities  also  take  place, 
especially  slight  clubbing  of  the  fingers. 
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FlU.  18.J.  ('m-"*  «ectiiiii  wf  |  lu-  \»».ly  allow- 
ing how  the  thrill  and  muimur  rooch  thu  c)iBst 
■wall.  Tlie  h««vil.v stippled  are»s indirale  Ihc ureas 
over  which  the  murmur  ia  heard. 


Palpation  usually  reveals  a  strong,  slow,  heaving  impulse  with  a  more 
or  less  intense  thrill  lasting  throughout  the  period  of  systole.  This  thrill 
is  probably  due  to  the  impact  of  eddy  currents  pusning  by  the  vegetation 
and  striking  the  heart  wall,  whose  impact  sets  the  valve  into  vibrations 
that  are  communiratcd  along  the  chordce  tendinete  to  the  walls  of  the 

heart  and  then  to  the  chest.  It  is  most 
intense  at  the  apex,  but  is  often  pal- 
pable over  the  entire  procordium,  oc- 
casionally in  the  axilla,  and  sometimes 
at  the  back  in  the  left  interscapular 
region.  The  thrill  at  the  back  is  rarely 
felt  except  in  children  and  thin- 
chested  persons,  but  as  it  represents 
the  direct  impact  of  regurgitation 
it  is  very  characteristic.  In  a  few 
cases  the  thrill  from  a  mitral  lesion 
can  be  felt  in  the  vessels  of  the 
neck,  and  sometimes  also  over  the 
entire  chest. 

The  shock  accompanying  the  second  heart  soimd  is  practically  un- 
changed, though  it  is  often  more  distinct,  especially  over  the  pulnionar>'  area. 
Percussion. — The  characteristic  cardiac  outline  in  mitral  insufficiency 
shows  an  increase  in  area  horizontally  (M  L)  towards  the  left,  which  ii<  some- 
times enormous  and  may  reach  well  into  the  axilla  and  as  much  as  22  cm. 
from  the  midline  by  percussion.  When  the  apex  approaches  the  axillary 
convexity,  as  shown  by  Moritz, 
the  area  of  dulness  usually 
extends  somewhat  beyond  the 
actual  outline  of  the  heart;  but 
with  the  lightest  possible  pcrcus 
sion  (the  threshold  percussion) 
this  error  may  often  be  reduced  to 
a  centimetre  or  less.  In  contrast 
to  the  cardiac  outline  in  aortic 
insufficiency,  the  left  border 
of  dulness  or  of  t  h  e 
shadow  seen  with  the 
X-ray  is  increased  diag- 
onally up%Tards  and  out- 
wards, as  well  as  outwards  in 
the  horizontal  diameter  (Fig. 
186).      The    upward    extension 

may  reach  the  second  rib  and  pass  outward  into  the  second  left  inter- 
space. According  to  the  autopsj'  findings  of  Harris,  this  is  not  due  to  the 
dilatation  of  the  left  aiiricle,  but  to  the  increase  in  size  of  the  conus  arte- 
riosus of  the  right  ventricle  and  to  some  dilatation  of  the  pulmonary  artery. 

Harris  has  shown  that  even  an  extremely  dilated  left  auricle  is  not.  viuble  from 
the  front  of  the  chest  under  these  circumstances.  As  is  therefore  to  be  expecte<l,  such  ilila- 
tions  correspond  to  the  later  rather  than  to  the  earlier  sluicee  of  the  disease,  and  are  also 


Fia.  186. — Rndii^rnph  of  a  patient  with  niitrnl  in- 
sviffiriMicy.  ahowiiiK  horizon  till  frilurReriient  of  the  heart 
to  lh««  left.      iAff*r  lioiig^di  nnd  Schiltonhelra.) 
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more  common  in  mitral  stenosis  than  inaufficiency.    The  cardiac  dulnesa  is  not  increased 
to  the  right  until  the  lliinl  stage  of  the  dieeasc. 

The  Systolic  Murmur. — The  data  obtained  from  auscultation  usually 
furnish  the  basis  for  the  diagnosis  of  mitral  insufficiency.  The  character- 
istic sign  is  the  presence  of  a  murmur  heard  at  the  apex  and  in  the 
left  axilla  throughout  systole,  —  i.e.,  last- 
ing up  to  the  .second  sound.  The  sounds 
of  different  systolic  murmurs  are  described 
by  the  French  writers  as  resembling  the 
rasping  of  a  file,  the  sawing  of  wood,  the 
hissing  of  a  jet  of  steam,  the  cooing  of  a 
dove!  These  variations  depend  ujwn  many 
-Bound-producing  factors  so  complex  that  it 
is  impossible  to  predict  the  characteri.stic8 
of  the  lesion  upon  the  valve  by  the  murmur 
to  which  it  gives  rise.  In  general,  rough, 
roaring,  sawing,  and  purring  murmurs  arc 
very  often  produced  by  thickened  or  calcified 
vegetations,  which  act  more  or  less  as  sound- 
ing-boards, while  whispering  or  blowing  mur- 
murs are  produced  by  regurgitant  streams 
passing  over  smooth-walled  valves,  and 
occur  especially  in  functional  insufficiencies. 
However,  exceptions  to  this  ai*e  frequent. 

Digital  Imitation  of  the  Mitral  Systolic  Murmur. — The  mitral  systolic  murmur  can  l>e 
reprotluc<?<l  by  Lariied's  or  Smith's  melhiMls  by  a  ntruive  ucross  the  elVniw  or  across  the 
buck  of  the  h.iiid.  To  imitate  u  tnurmur  accorupaiiying  tiie  first  sound  the  hitter  should 
be  prtKiueeiJ  by  a  skiw  Hexiun  of  the  finger,  which  combines  the  blow  and  the  strok- 
ing. For  demotiftlmtions  to  a  group  of  students  these  manopuvres  may  be  carried  out 
Upon  a  <lerby  hat.  The  stroke  should  be  of  long  (Juration  ant]  should  tie  followed 
immediately  by  live  tap  which  represents  the  second  Hound. 

Excellent  phonographic  tracings  of 
this  murmur  have  been  made  by  Eint- 
hoven  as  well  as  by  Weiss  and  Joachim. 
These  observers  have  shown  that  in  con- 
trast to  the  nmrmurof  aortic  stenosis  the 
murmur  of  mitral  in.sufficiency  always 
begins  synchronously  with  the  first  sound. 
It  is  loudest  at  the  time  of  the 
first  sound,  which  it  may  entirely  re- 
place and  may  then  be  uniform  through- 
out the  period  of  systole  or  take 
on  a  decrescendo  character,  in 
murmur  which  follows  the  first 
in  character. 


Fio.  187.  —  DiliKram  of  Fi»c.  18«, 
rliuwiuK  the  directimm  in  »)uch  car- 
diac  Nilargement  lia*  taken  place.  The 
bruk^n  line  repif^i^fltf  tite  outline  «f  the 
4ic»rn)A)  ]k«art.  Tlie  »rrown  iQiiic»t«  the 
conjugittot)  cML  &nd  L)  which  ttre  moet 
«nlArged. 


Fkj.  I>0^. — (irapliic  rec*>rds  of  the  heart 
■oundfi,  dhowing  the  3y*"tobo  murmur. 
(Kindncv  <jf  Prnf.  Kinthoven.)  1.  2,  heart 
iH>uiidH.  The  vibratiooa  b«twe«(>  1  and  2 
and  mmt)  uf  those  oompoaiog  1  are  due  to 
the  munnur. 


contrast    to    the    aortic 
sound  and  is  crescendo 


They  have  shown  further  that  in  some  caatis  the  first  sound  and  murmur  precede 
the  carotid  wave  by  a  greater  inlerval  lltan  normally  (lengthening  of  the  presphygmic 
period  from  .08-.09  sec.  to  .12-.t.'>  eec.).  At  the  very  beginning  of  systole  blood  rushea 
buck  into  the  auricle.  This  escape  causea  the  presBure  in  the  ventricle  to  ri^  more  slowly 
than  ui?ual  and  hence  aortic  valves  open  a  little  later.     Hence  the  preaphygmic  period  is 
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later.  It  is  possible  that  the  duration  of  the  presphygmic  period  may  serve  as  a  guide 
to  intiicate  the  degree  of  leakage?. — shortening  indicating  an  improvement,  lengthening 
an  incrca.se  in  leakage.  However,  other  otiservcra  find  lengthened  presphygmic  |>eri(xk 
from  different  ciiuses. 

In  the  accidental  mmnnurs  of  ansmiu  WeisB  and  Joachim  have  found  a  normal 
presphygmic  period. 

It  is  statefl  by  some  writere  that  functional  murmurs  occur  late  in  systole,  raesoaystolic 
or  teleaystolic,  because  comjxnrativcly  little  regurgitation  occurs  until  the  intraventricular 
pressure  hiis  reached  its  maximimi  and  the  papillary  muscles  begin  to  weaken.  There  are 
no  graphic  records  supporting  this  chum,  and  the  subject  demands  experimental  investiga- 
tion rather  than  clinical  sjjeculation. 

As  regards  distribution,  the  murmur  of  mitral  insufficiency  is  heard 
over  those  areas  of  chest  wall  which  are  nearest  to  the  left  ventricle  and 
left  auricle,  namely,  the  apex  and  the  neighboring  areas  to  the  left  (Fig.  184). 

The  reason  why  the  murmur  of  mitral  insufficiency  is  heard  so  loudly  at  the  apex  is 
not  perfectly  clear,  since  this  propagation  is  opjwsite  to  the  direction  of  the  regurgitant 
stream.  It  is  possible,  however,  that  the  vibrations  of  the  mitral  valve  may  lie  transmitted 
to  the  anterior  papillary  muscle  and  apex  by  the  papillar>'  muscles  which  act  liku  vinlio 
strings.  This  would  also  explain  why  the  murmur  is  so  loud  in  the  anterior  part  of  the  left 
axilla  at  a  coiiisiderable  distance  from  the  left  auricle  but  near  the  anterior  papillary  muscle 
(Fig.  1S5).  De  Sautelle  and  Grey  (Arch.  Int.  Med..  IflU.  viii,  734)  have  slwwn  on  tha 
exci8e<l  pig's  heart  that  this  is  probably  the  true  explanation,  for  n(ii  only  is  the  murmur 
loudest  over  the  insertion  of  the  papillary  muscles,  but  if  the  latter  are  cut  off  and  sewed 
to  another  part  of  the  wiUl  it  then  becomoa  loudest  over  that  area. 

In  childrt-n  and  in  many  persona  with  small,  thin-waited  chests  the 
mtirmur  is  also  heard  over  the  left  interscapular  region  to  whii'h  it  is  trans- 
mitted directly  from  the  left  auricle.  In  children  and  thin-walled  chents  the 
murnmr  may  also  be  transmitted  directly  backward  from  the  left  auricle  to 
the  left  intrascapular  region;  but,  though  some  German  observers  wnll  not 
diaKUose  mitral  insufficiency  without  it,  it  is  by  no  means  always  present. 

In  order  to  obviate  these  disturbing  factors,  August  Hoffmann  and  later  Gerhartz  have 
attempted  to  use  the  oesophageal  auscultation  descrilx'd  on  page  170,  but  it  is  un- 
pleasant to  the  patient,  and,  bi-sides,  the  murmur  may  Ivf  no  more  distinct  than  ni  the  apex. 

Another  rarer  site  for  the  systolic  murmur  of  mitnd  insufficiency,  as  shown  by  Xaunyn, 
IB  the  pulmonary  area — the  second  and  third  left  interspaces  at  the  sterufil  margin  and  aa 
far  out  iis  the  parastt-rna!  line.  Xaunyn  thinks  that  in  this  rrgion  the  vibrations  are  com- 
municated by  the  hypcrtrophipd  and  dilated  left  auricle  to  the  pulmonary  arter>'.  This 
murmur  must  always  be  carefjjilly  differentiated  from  the  accidental  pulmonary  murmur 
heard  in  this  region  and  from  that  (hie  to  pulmonary  stenasis  an<l  sclerosis. 

Over  the  right  ventricle,  that  is  from  the  left  parasternal  line  to  the 
left  sternal  margin,  the  nmnnur  of  mitral  insufficiency  is  usually  heard,  and 
it  is  sometimes  transmitted  with  great  intensity  along  the  fifth  rib. 

Differentiation  from  Accidental  and  Tricuspid  Murmurs. — This  is  in 
sharp  contra.st  to  the  ace  id  em  a  I  or  ''haemic"  murmurs  which  are 
loudest  over  the  right  ventricle  and  especially  over  its  upper  portion  (in  the 
second  and  third  left  intei*spaces).  These  murmurs  diminish  over  the  apex 
while  the  mitral  murmtir  increases.  They  are  rai-ely  heard  to  the  left  of  the 
apex.  They  are  later,  softer,  shorter,  more  superfnial;  they  vary  with 
inspiration,  expiration,  and  change  of  position;  and  tlie  heart  is,  as  a  rule, 
not  hypertrophied.  On  the  other  hand,  there  is  no  reason  to  believe  that 
the  distribution  of  the  murmur  due  to  functional  mitral  insufficiency  differs 
from  that  due  to  vegetations  upon  the  valves,  and  it  is  frequently  impos- 
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sible  to  differentiate  between  the  two  conditions.'  The  common  statement 
that  murmurs  of  organic-  orig:in  are  transmitted  to  the  axilla  while  those  of 
functional  origin  are  not  is  due  to  a  confusion  of  ''functional"  with  ''acci- 
dental" murmurs.  All  loud  and  rough  murmurs  are  transmitted  further 
than  soft  ones,  and  murmurs  due  to  vegetations  are  usually  louder  than 
functional  murmurs,  but  a  soft  murmur  of  organic  origin  is  probably  no 
louder  than  many  murmurs  of  functional  origin. 

The  murmur  due  to  tricuspid  insufficiency  is  heard  loudest  over  the 
lower  portion  of  the  sternum,  the  epigastrium,  and  often  also  to  the  right 
of  the  sternum.  That  of  aortic  sclerosis  or  aortic  stenosda  is  loudest  over 
the  second  and  first  right  interspace,  and  is  usually  transmitted  to  the 
carotid  and  axillary  arteries.  The  same  applies  to  the  murmur  due  to 
aneurism.  Moreover,  SiS  stated  by  Boy-Tcissier,  it  is  always  meso-  or 
telesystolic,  and  therefore  follows  but  never  replaces  the  fii'st  sound. 

The  Second  Sound.— The  second  sound  at  the  apex  and  over  the  aortic 
area  shows  no  special  change,  but  over  the  pulmonic  area  it  may  be  greatly 
accentuated.  This  is  not  always  the  case,  because,  as  seen  in  Fig.  183,  the 
pressure  in  the  pulmonary  artery  ia  not  always  increased;  but  during  the 
course  of  a  mitral  in.su fficiency  the  intensity  of  the  second  pulmonic  may 
change.  In  interpreting  the  significance  of  this  change  it  must  be  remem- 
bered that  rise  of  pulmonary  pressure  may  occur  either  when  the  force  of 
both  ventricles  is  increasing  or  when  extreme  engorgement  of  the  pulmo- 
nary vessels  has  occurred.  In  the  former  case  it  will  be  accompanied  by  the 
general  signs  of  improvement  in  the  left  ventricle,  larger  pulse,  increased 
maximal  blood-pressure,  increased  pulse-pressure;  in  the  latter  case  by  fail- 
ure of  the  left  ventricle.  Regarding  the  role  which  vasomotor  changes  in 
the  pulmonary  vessels  play  under  clinical  comlitions  Uttle  is  known;  but 
they  also  can  affect  the  intensity  of  the  second  pulmonic. 

Pulse.  —  The  pulse  in  mitral  insufficiency  shows  no  characteristic 
changes.  Dependent  upon  blood-pressure,  systolic  output,  and  pube-pres- 
sure  which  vary  considerably,  it  may  be  large  or  small,  hard  or  soft.  De- 
pendent upon  the  condition  of  the  heart  muscle  and  especially  of  the  left 
auricle,  it  uiay  be  regular  or  irregular.  The  condition  of  the  individual 
patient  at  any  single  stage  of  the  disease  must  be  viewed  in  the  light  of 
these  determining  factors, 

Blood'pressure. — As  has  b<?en  seen  above,  the  sudden  production  of 
mitral  insufficiency  both  in  animals  and  on  the  model  is  followed  directly  by 
a  fall  of  blood-pressure  and  diminution  of  pulse-pressure,  unless  the  strength 
of  the  ventricle  and  its  systolic  output  be  increased.  Such  an  increase  does 
take  place,  however,  during  hypertrophy,  and  hypertrophy  of  the  left 
ventricle  is  the  rule  in  mitral  insufficiency.  Moreover,  when  the  output 
into  the  arteries  is  diminished  by  the  backflow  into  the  left  auricle,  these 
vessels  undergo  a  compensatory  constriction  and  narrow  the  blood  channel. 
However,  as  the  left  ventricle  hypertrophies,  its  systolic  output  increases 
at  the  expense  of  the  residual  blood.  These  two  compensatory  factors 
combine  to  maintain  lh(!  blood -pres.su re  and  pulse-pressure  at  their  original 

'The  confusion  of  the  terms  "hirmic"  (accidental)  and  "functional"  murmure  so 
common  in  clinical  notes  s^ems  therefore  to  be  both  unnecessary  and  misleading,  and  should 
be  carefully  avoided. 
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level,  and  at  times  even  exceed  it.  For  example,  a  prominent  medical 
educator  who  has  a  mild  leak  at  the  mitral  valve  but  suflFors  no  symptoms, 
has  a  maximal  pressure  of  140,  a  minimal  of  95,  and  a  large  full  pulse.  The 
compensation  in  this  case  has  more  than  balanced  the  disturbance  in  the 
circulation.  This  increase  of  pulse-  and  blood-pressure  is  not  always  indica- 
tive of  improvement,  but  may  occur  also  as  terminal  events  under  the 
stimulation  of  medullar)'  asphyxia  (see  page  38).  On  the  other  hand,  the 
presence  of  a  rather  small  pulse  and  rather  low  blood-pressure  and  pulse- 
pressure  may  merely  represent  the  natural  effect  of  the  lesion  unaltered  by 
compensator)'  changes  on  the  one  hand,  or  on  the  other  may  represent  the 
failure  of  the  left  ventricle  to  maintain  the  circulation.  The  presence  of 
arteriosclerosis  may  in  itself  tend  to  modify  the  blood -pressure,  and  to 
increase  a  blood -pressure  and  pulse-pressure  that  would  otherwise  be  small. 
In  any  case  the  blood-pressure  shows  no  characteristic  features  in  mitral 
insufficiency,  and  the  figures  obtained  are  to  be  viewed  as  the  algebraic 
sum  of  various  circulatory  factors,  rather  than  as  absolute  measures  of 
cardiac  vigor.  It  must  be  remembered  further  that  the  cardiac  symptoms 
are  due  mainly  t-o  changes  in  the  pulmonary  circulation,  while  the  blood- 
pressure  changes  are  concerned  only  with  the  systemic. 

Arrhythmia. — The  action  of  the  heart  is  often  irregular  in  mitral  dis- 
ease, so  that  the  arrhythmia  in  these  conditions  is  frequently  described  as 
"the  mitralized  pulse,*'  though  the  latter  is  more  frequently 
present  in  mitral  stenosis  than  in  mitral  insufficiency.  In  the  latter  case, 
owing  to  the  overdi  stent  ion  of  the  left  auricle,  extrasystoles  arising  in  this 
chamber  are  sometimes  met  with.  Such  extrasyKtolos  may  persist  for  a  long 
time  and  give  rise  to  a  form  of  pulse  easily  cunfcjunded  with  the  typical  pulse 
of  aurieular  fibrilJation,  though  the  pulsation  in  the  neck  will  l>e  seen  to  be 
**  double  and  not  single  "  (see  page  134),  In  most  very  advanced  ca-ses, 
however,  the  irregularity  is  due  to  auricular  fibrillation  with  absolutely 
irregular  pulse  and  a  pasitive  single  venous  pulse  with  distended  veins  (20), 
The  absolute  diagnosis  is,  however,  made  with  the  electro-cardiograph. 

The  origin  of  the  irregularity  is  probably  in  the  distended  left  auricle 
(cf .  also  page  1 18).  It  is  sometimes,  but  by  no  means  always,  accompanied 
by  paralysis  of  the  auricle,  as  shown  by  the  venous  tracings,  but  the  exact 
mechanism  by  which  this  form  of  irregularity  is  produced  requires  further 
investigation  in  order  that  its  diagnostic  and  prognostic  significance  may 
be  thoroughly  understood. 

The  condition  of  the  radial,  temporal,  and  other  arteries  may  vary 
considerably,  but,  especially  in  patients  above  40,  may  show  considerable 
grades  of  arteriosclerosis.  This  is  more  common  and  .somewhat  more  exten- 
sive in  patients  suffering  from  any  cardiac  disea.se  than  in  persons  with 
normal  hearts  (Wild). 

Lungs. — Examination  of  the  thorax  and  lungs  in  mitral  insufficiency 
reveals  the  usual  signs  corresponding  to  the  pulmonary'  changes  described 
above — small,  moist,  and  piping  rales  corresponding  to  the  bronchitis  often 
associated  with  hyper-resonance  on  percussion.  Over  areas  of  hydrothorax 
there  are  absolute  flatness  on  percuaaion,  absence  of  vocal  fremitus  and 
breath  sounds,  Koranyi's  flatncsa  over  the  lower  thoracic  spines,  and 
Grocco's  triangle,  paravertebral  duhiesa  to  the  left  of  the  midline. 
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Abdomen.— The  abdomen  rarely  shows  any  special  change  during  the 
milder  stages  of  the  disease.  Occasionally  one  finds,  as  in  a  young  girl 
recently  under  the  writer's  observation  in  the  Johns  Hopkins  Dispensarj-, 
the  remains  of  an  old  splenic  infarction,  characterized  by  enlargement, 
hardness,  and  tenderness  of  the  organ.  This  may  persist  for  some  months. 
Enlargement  and  pulsation  of  the  liver  and  ascites  (portal  stasis)  belong  to 
the  stage  of  broken  systemic  compensation  (see  page  206),  The  same  also 
applies  to  oedema  of  the  feet,  ankles,  and  legs,  which  occurs  in  the  mildest 
form  of  broken  compensation.  These  phenomena,  though  of  serious  import, 
are  by  no  means  harbingers  of  death,  for  with  proper  treatment  many  cases 
outlive  one  or  even  several  breaks  in  compensation  for  many  years. 

The  following  represent  the  course  of  typical  cases  of  mitral  insuf- 
ficiency. 

Cabb  or  Mitral  iNsumciEWcr. 

C,  H.,  ship  carpenter,  aged  63,  first  admitted  to  the  Johns  Hopkins  Hospital  in  No* 
vember,  1899,  complaining  of  shortness  of  breath.  Family  history  negative.  The 
patient  has  atwajm  been  a  robust  man.  He  gives  a  doubtful  history  of  rheumatism, 
but  a  definite  history  of  pneumonia  five  years  before  adniiaaion.  No  venereal  his- 
tory.   He  has  always  been  a  hard  eater,,  hard  drinker,  and  a  hard  worker. 

The  present  illness  began  -with  att-acks  of  paroxysmal  dyspnoea  upon 
exertion  eight  or  nine  montlis  before  admission*  Two  months  before  admission  an 
attack  came  on  spontaneously  while  in  a  warm  room.  During  the  past  month  he  has 
not  been  able  to  lie  down  in  bed  owing  to  dyspnoea  and  the  onset  of 
a  sraotherinp  feeling.  He  has  had  no  cough,  no  ha-moptysis.  Examination  on  this  admis- 
sion showed  a  stout,  well-nourisheti  man  with  mucous  membranes  a  trifle  purple  and  dilated 
venules  over  the  face.  His  chest  was  barrel  shaped  and  there  was  a  little  fluid  (flatness  and 
impaired  breath  sounds)  at  the  bases  behind. 

Heari. — Apex  was  gituatwl  in  the  6th  interspace  16.6  cm.  from  the  midline.  The 
area  of  cardiac  dulncss  reached  upward  to  the  second  costal  cartila^  and  5  cm.  to  the 
right  of  the  sternum.  There  is  a  well-marked  systolic  murmur  heard  over  the 
body  of  the  heart  and  over  the  anterior  part  of  the  axilla.  The  second  sound  is  every- 
where clear;  the  second  aortic  booming. 

Tlie  liver  is  siightly  enlarged,  being  jiist  palpable;  the  spleen  w  not.  The  alxlomen  is 
full,  the  flanks  bulge,  and  there  is  slight  mo\'able  duiness  in  the  flanks.  Genitalia  normal. 
There  is  slight  oedema  of  the  ;ankle8.  Blood  count  normal.  Urine  is  dark  sherry 
coloretJ,  specific  giavity  1024,  acid,  contains  a  small  amount  of  albumin  and  some  hyaline 
and  granular  casts. 

The  patient  was  put  lo  bed  on  soft  diet,  given  daily  purgation  with 
magnesium  sulphate  (30  Gm.,  5i).  also  8  doses  of  tincture  of  digit  alls  (1  c.c,  n^jiv} 
at  intervals  of  four  hours,  followed  up  by  strychnine  1.5  mg.  He  was  also  given 
potassium  iodide  1  Gm.  (gr.  xv)  after  meals. 

Qiklema  disappeared  and  orthopnoea  also,  so  that  within  ten  days  the  patient  could 
sleep  with  his  head  low  and  could  walk  without  dyspnoea.    He  then  left  the  hospital. 

He  was  next  seen  three  years  later,  having  been  perfectly  well  until 
be  took  cold  one  month  before,  since  when  he  had  shortness  of  breath  on  exertion  and 
on  lying  dowTi.  He  liad  some  cough  and  slight  swelling  of  the  feet.  The  physical 
condition  was  about  as  on  the  first  admission,  except  that  the  systolic  murmur 
entirely  replaced  the  first  sound  and  was  well  heard  in  the  axilla. 
Maximal  blood-pressnre  182  mm.  Hg.  He  again  improved  rapidly  and  left  the  hospital 
in  two  weeks. 

He  entered  the  hospital  again  one  year  later  with  the  same  signs,  the  liver  being  now 
2  cm.  below  the  costal  margin.  Once  more  he  improved  rapidly  mider  treatment;  the  liver 
recede<i,  and  he  was  discharged,  only  to  be  readmitted  in  the  same  condition  five  weeks  lat«r, 
when  symptoms  dated  from  exposure  to  the  wet.  He  then  had  some  tenacious  sputum 
streaked  with  blood  and  numerous  moist  rAle«  were  heard  everywhere  over  his  chest.  Re- 
covery was  once  more  uneventful. 
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COMPLICATIONS    AND    SEQUEL,K. 

There  are  few  complications  and  sequelx  which  are  more  character- 
istic of  mitral  insufficiency  than  of  other  valvular  diseaaes.  Those  symp- 
toms due  to  pulmonary  engorgement,  bronchitis,  hspmoptysis,  and 
pulmonary  oedRma  have  already  been  discussed.  Embolism  from  loosening 
of  vegetations  upon  the  mitral  valve  or  of  clots  which  have  formed  in  the 
left  auricle  during  periods  of  stasis  is  an  occasional  occurrence,  especially 
in  severe  cases,  but  less  common  than  in  mitral  stenosis.  As  the  result 
of  this  there  may  be  the  production  of  infarcts  in  the  various  organs — 
spleen,  kidneys,  and  brain — and  of  ecchymoees  in  the  skin. 

In  contrast  to  mitral  stenosis,  pulmonary  tuberculosis  occurs  in  mitral 
insufficiency  with  the  same  frequency  as  in  otherwise  normal  individuals 
(Meisenburg). 

As  may  be  seen  in  Fig,  166,  mitral  insufficiency  is  very  frequently  asso- 
ciated with  other  valvular  diseases,  29  per  cent,  of  all  the  cases  of  valvular 
disease  at  the  Johns  Hopkins  Hospital  being  accompanied  by  aortic  insuffi- 
ciency, 21  per  cent,  by  mitral  stenosis.  In  these  cases  the  mitral  insuffi- 
ciency is  sometimes  the  original  lesion,  the  other  lesion  resulting  from  a 
metastatic  infection  or  subsequent  organization.  On  the  other  hand,  the 
mitral  insufficiency  associated  with  aortic  insufficiency  may  also  be  a  func- 
tional one  due  to  overfilling  of  the  ventricles.  The  mitral  insufficiency 
which  appears  late  in  the  course  of  mitral  stenosis  is  due  to  the  inability  of 
the  thickened  valves  to  close.  Coronarj'  sclerosis,  as  shown  by  Wild,  is 
more  than  usually  common  in  chronic  valvular  disease,  and  hence  should 
be  borne  in  mind  in  establishing  the  prognosis. 

Pericarditis  is  one  of  the  common  complications,  especially  in  children, 
in  whom  adhesive  pericarditis  is  to  be  feared. 

Since  the  majority  of  cases  of  mitral  diseatse  are  of  rheumatic  origin, 
diseases  of  the  rheumatic  cycle,  tonsillitis,  articular  rheumatism,  chorea 
in  children,  and  affections  of  the  urticarial  group,  are  particularly  common. 
Of  these  arthritis  is  the  most  fretiuent  as  well  as  the  most  stubborn 
and  dangerous, 

TREATMENT. 

^         The  management  of  cases  of  mitral  disease  does  not  depart  in  any 
^jfijiaitial  particular  from  the  general  type  of  treatment  of  cardiac  dbease. 
It  should  be  directed  to  three  ends: 

1.  Removing  the  overstrain; 

2.  Increasing  the  strength  of  the  heart; 

3.  Avoidance  of  infection,  and  removal  of  the  foci. 

In  the  mildest  cases,  the  insufficiency  shown  by  signs  but  not  by  symp- 
toms, due  especially  to  the  formation  of  a  new  vegetation,  it  is  most  impor- 
tant that  the  cardiac  tonicity  should  be  maintained,  that  the  amount  of 
leakage  should  thus  be  kept  down  to  its  minimum,  and  that  cardiac  hyper- 
trophy should  be  induced  before  symptoms  have  .set  in.  It  is  therefore 
most  important  to  spare  the  heart  everj'  effort.  If  the  patient  is  seen  at 
the  onset  of  the  disease  he  should  be  kept  at  absolute  rest  in  bed  for  at 
least  a  couple  of  weeks  after  temperature  has  returned  to  normal  and  all 
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signs  of  acute  disease  have  passed.  Too  much  care  cannot  be  exercised 
at  this  time,  since  this  is  the  crucial  epoch  in  determining  the  severity  of 
the  case.  It  is  important  not  only  to  maintain  the  tonicity  of  the  heart 
muscle  but  to  preserve  the  valves  from  all  further  injury  until  the  vegeta- 
tions have  become  tlioroughly  organized  and  lined  with  endothelium,  and 
the  germs  have  disappeared  from  the  original  focus  of  infection.  When 
the  tonvsil  is  the  source  of  infection,  it  should  be  completely  dissected 
out  as  soon  as  acute  infection  has  passed  off,  in  order  to  prevent  reinfec- 
tion of  the  valves  from  this  source.  The  results  obtained  in  the  Medical 
Clinic  of  the  Johns  Hopkins  Hospital,  where  this  practice  has  been  carried 
out  at  Prof.  Barker's  suggestion,  have  been  vcr>'  gratifying.  In  many 
cases  the  recovery^  from  the  first  attack  has  been  more  rapid  than  had  been 
usual  before  thi.s  treatment  had  been  resorted  to  (see  page  231),  and  it 
seems  probable  that  reinfection  of  the  valve  is  of  less  frequent  occurrence 
thereafter.  Similar  results  are  seen  in  gonorrhceal  endocarditis  after  treat- 
ment of  the  urethritis. 

In  these  mild  cases  drug  treatment  may  not  be  absolutely  ncccssarj'. 
In  how  far  Cloctta  s  suggestion  as  to  the  early  use  of  digitalis  should  be 
carried  out  is  still  imsettled,  but  at  least  the  administration  of  strychnine 
in  doses  of  from  1  to  3  mg.  (uV  to  ^V  gr.)  is  advisable  in  order  to  increase 
the  tonicity  of  the  heart  muscle.  However,  the  blood -pressure  and  hence 
the  strain  upon  the  valves  should  not  be  materially  increased  (not  more 
than  10  mm.  Hg),  and  the  dose  of  strychnine  should  be  reduced  if  it  rise 
above  this  level.    DigitaUs  is  not  neceseaiy  in  cases  of  this  type. 

The  bronchitis  which  frequently  accompanies  cases  of  this  type  does 
not  differ  greatly  from  the  ordinary  forms  of  chronic  bronchitis,  and  is 
associated  with  the  usual  pulmonary'  bacteria  found  in  these  conditions — 
the  streptococcus,  pneumococcus,  influenza  bacillus,  Friedlander's  bacillus, 
etc.  Treatment  is  therefore  the  same  as  for  ordinary  bronchitis,  a  soothing 
steam  inhalation  being  very  useful.    The  following  is  to  be  recommended : 

Oleum  pini  sylvestris,  or 

CreoBoti,  Siss;  5 

Tr.  beiiwjin.  eo., 

Tr.  opii  cainphorat.,  aa  Jiiss        75 

A  teaspoonful  inhaled  with  steam  from  an  atomizer,  or  from  a  funnel 
above  a  glass  jar  into  which  a  teaspoonful  of  the  remedy  and  a  pint  of 
boiling  water  have  been  placed.  Codein  .015  to  .030  Gm.  (gr.  \  to  ^)  or 
heroin  2.5  mg.  (gr.  -^j^  to  ^V)  may  be  given  by  mouth  to  relieve  the  cough 
by  reducing  bronchial  secretion  and  irritability. 

Physical  Re-education, — When  the  stage  of  acute  symptoms  has  passed 
the  stage  of  re-education  begins.  The  heart  though  injured  mu.st  be  trained 
to  perform  the  day's  work  without  strain.  To  do  this  the  heart  muscle 
must  be  stronger  than  normal;  it  must  have  hypcrtrophied.  The  process 
of  hypertrophy  after  valvular  lesion,  like  the  heart  hypertrophy  of  an  athlete 
in  training,  requires  time.  However,  the  amount  of  hypertrophy  setting 
in  after  a  valvular  lesion  is  greater  than  that  after  a  prolonged  period  of 
muscular  exercise,  and  hence  may  be  expected  to  take  a  longer  time.  At 
this  stage  JS'auheim  baths  and  resisted  movements  may  be  dispensed  with 


MITK^L  INSUFFICIENCY. 


437 


as  long  as  a  reasonable  supervision  is  kept  over  the  patient.    He  should 

never  be  allowed  to  become  either  very  tired  or  short  of  breath,  and  six 
months  or  a  year  should  elapse  before  he  is  allowed  to  run,  participate  in 
games,  severe  exercise,  or  manual  labor.  The  current  statement  that  the 
prognosis  is  doubtful  during  the  first  year  after  the  occurrence  of  a  valvular 
lesion  is  due  largely  to  the  intercurrcnce  of  acute  overstrain  of  the  heart 
muscle  before  hypertrophy  is  complete. 

The  condition  is  quite  different,  however,  when  the  mitral  insufficiency 
is  of  long  standing  before  it  is  encountered  by  the  physician,  as  is  frequently 
the  case  in  routine  examinations  for  life  insurance,  civil  service,  etc.  The 
disease  may  then  be  said  to  have  cured  itself  already,  and  beyond  gently 
admonishing  the  patient  against  over-exertion  no  further  precautions  are 
necessary.  It  is  often  unwise  to  inform  a  man  or  woman  of  nervous  tem- 
perament that  a  heart  lesion  is  present,  since  worry  may  in  itself  contribute 
to  the  cardiac  overstrain. 

Cases  of  functional  mitral  insufficiency  are  rarely  devoid  of  cardiac 
symptomSj  and  hence  will  be  considered  under  the  second  group. 

Treatment  of  the  Second  Stage.^The  second  stage  of  mitral  insuffi- 
ciency, in  which  dyspnoea  and  other  symptoms  of  cardiac  origin  are  present, 
represents  a  condition  of  chronic  cardiac  overstrain.  Indeed  it  is  the 
abnormal  severity  of  these  symptoms  following  some  slight  exertion  which 
usually  calls  attention  to  the  existence  of  the  lesion.  The  treatment  does 
not  depart  in  any  essential  particular  from  that  which  has  already  been 
discussed  in  the  case  of  chronic  overstrain  of  the  myocardium.  Just  as  in 
.  the  milder  cases  the  most  important  element  in  the  treatment  is  absolute 
*rest  in  bed,  continued  until  long  after  symptoms  have  subsided.  The 
diet  should  at  first  be  verj"  light  (see  page  235),  and  should  be  ver>'  gradually 
increased  after  symptoms  have  subsided.  As  in  the  milder  cases,  vigorous 
doses  of  str>'chnine  (2  to  3  mg.  [gr.  -gV  to  ^'u]  everj*  four  hours)  should 
be  begun  at  once.  The  bowels  should  be  kept  moving  freely  by  means 
of  Seidlitz  powders,  Epsom  salts,  Hunyadi  water,  Mistura  ferri  aperiens, 
or  some  other  mild  laxative.  It  is  important  that  the  patient  should  sleep 
well  at  night,  and  trional  (1  Gm,  =  gr.  xv)  or  some  other  soporific  may  be 
given,  if  necessary  with  the  addition  of  codein  (15  mg.  =  gr.  ss).  If  symp- 
toms have  not  diminished  after  a  couple  of  days  of  this  treatment,  digi- 
talis should  be  resorted  to  (see  page  245),  for  it  is  important  not  only  to 
reduce  the  strain  but  also  to  strengthen  the  heart  muscle  as  rapiiUy  as  pos- 
sible in  order  to  prevent  the  oi'erstrain  from  becoming  permanent.  Indeed 
it  may  be  said  that  thi.s  is  the  all-important  stage  in  the  course  of  mitral 
insufficiency  and  of  all  other  valvular  lesions,  the  stage  which  determines 
whether  the  patient  may  hope  to  return  to  a  life  of  activity  or  must 
look  forward  to  one  of  permanent  invaUdism,  and  this  question  is  often 
decided  by  the  promptness  or  tardiness  w^ith  which  the  symptoms  dis- 
appear when  the  patient  is  at  rest.  In  this  stage  the  primary  source 
of  infection  or  reinfection  should  be  treated  just  as  in  the  milder  ones,  but 
the  period  of  rest  should  be  longer  and  the  period  of  physical  re-edu- 
cation and  gymnastics  should  be  very  carefully  undertaken .  The 
more  ayatcmatic  methods,  such  as  those  of  Schott,  Herz  and  Oertel,  are 
especially  valuable,  aa  are  also  the  Nauheim  baths.    The  important  factor. 
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however,  is  that,  whatever  the  method  of  treatment,  the  patient  should 
never  be  allowed  to  become  fatigued  or  short  of  breath,  he  should  be 
gradually  trained  up  to  his  optimum  strength,  and  he  should  never  be 
allowed  to  attempt  to  exceed  his  limit. 

Treatment  of  the  Third  Sta^^e. — In  the  third  stage  of  mitral  insuffi- 
ciency, that  of  broken  compensation,  the  burden  of  the  cardiac  fail- 
ure has  been  shifted  from  the  left  ventricle  to  the  right.  The  treatment 
therefore  follows  the  rules  laid  down  for  broken  compensation  due  to  any 
cause  whatever:  absolute  rest,  immediate  use  of  digitalis  (especially  along 
with  nitroglycerin,  sodium  nitrite,  or  erjthrul  tetranitrate),  free  purgation, 
and  very  light  diet  being  the  essential  features.  Hypodermic  injections 
of  morphine  (S  to  15  mg.,  gr.  ^  to  })  may  be  necessan,',  but  they  should 
be  used  with  caution,  since  they  decrease  the  irritability  of  the  respiratory 
centre  and  thus  lead  to  accumulation  of  COj  and  cardiac  asthma.  Since 
many  of  the  symptoms  are  due  to  a  high  pressure  in  the  vena  cava  and 
consequent  dilatation  of  the  right  auricle  and  ventricle,  venesection  is  often 
followed  by  great  improvement,  and  should  be  regarded  as  an  important 
therapeutic  measure  during  the  acute  stage  of  the  overstrain.  But  in 
the  presence  of  anaemia  it  should  not  be  resorted  to.  Intravenous 
strophanthin  (0.5  to  1  mg.)  is  of  the  greatest  value  when  the  symp- 
toms have  become  alarming,  and  should  bo  followed  by  the  usual  course 
of  digitalis,  or  by  daily  intramuscular  injections  of  strophanthin. 

As  symptoms  subside,  the  condition  and  its  treatment  pavss  into 
those  of  the  second  stage,  and  a  gradual  return  to  normal  may  occur. 
On  the  other  hand  the  symptoms  may  increase,  hydrothora.x  and  ascites 
may  become  extensive  and  may  require  tapping,  and  the  oedema  may 
become  extreme.  To  diminish  these  it  may  be  advisable  to  use  diuretics, 
such  as  theobromin  acetate  (agurin),  theocin,  or  acettheocin  sodium,  or 
else  iK)tasaium  acetate  and  citrate. 


PROGNOSIS, 

Exactly  how  much  benefit  can  be  effected  by  treatment  varies  with 
each  indivi<lual  case,  and  depends  upon  factors  which  are  diflficult  to  fore- 
tell. It  is  especially  true  of  mitral  insufficiency  that  while  there  is  life 
there  is  hope,  for  the  patient  may  almost  completely  recover  from  one  or 
more  attacks  of  broken  compensation  and  yet  remain  comparatively  free 
from  sj'mptoms  for  a  number  of  years. 

As  regards  the  prognosis  for  the  individual  attack  no  absolute  rule 
can  be  laid  down,  but  much  importance  may  be  attached  to  the  rapidity 
of  change  for  the  better  or  for  the  worse.  A  rapid  improvement  during 
the  first  two  days  may  be  construed  as  favorable  for  the  ultimate  outcome; 
a  slow  recovery  usually  indicates  a  severe  residuum  of  trouble;  an  increase 
of  symptoms  in  spite  of  treatment  is  of  grave  significance. 

Between  attacks  the  patient's  ability  to  hold  his  own  or  even  to  im- 
prove his  condition  depends  entirely  upon  his  ability  to  keep  himself  free 
from  overstrain  and  reinfection.  In  all  cases  the  physician  should  be  some- 
what guarded  in  his  statements  regarding  the  future. 
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HISTORICAL, 

After  mitral  insufficiency  the  most  common  affection  of  the  mitral 
valve  is  thtit  which  leads  to  mitrai  Htenosis.  This  condition  was  first  de- 
scribed by  John  Mayow  in  166i>  in  the  case  of  a  young  man  who  died  after 
several  j^ears  of  dyspncea,  palpitation,  and  attacks  of  syncope.  "At  autopsy 
he  found  dilatation  and  hypertrophy  of  the  right  ventricle  and  almost 
complete  closure  of  the  left  auriculoveutricular  orifice  by  a  "^  cartilaginous 
product,'  so  that  the  blood  could  scarcely  traverse  the  left  ventricle  and 
was  compelled  to  flow  backward  to  the  pulmonarj'  vessels,  hence  the  disten- 
tion of  the  right  ventricle."  Vioussens  (1715)  described  similar  findings, 
noting  also  that  the  papillary  muscles  were  changed  to  small  short  tendons, 
and  that  the  right  ventricle  was  so  dilated  as  to  allow  reflux  of  blood  past 
the  tricuspid  valve.  He  further  noted  weakness  and  irregularity  of  the 
pulse,  and  ascribed  it  to  "  too  small  quantity  of  blood  w^hich  the  left  ven- 
tricle furnished  to  the  aorta  .  .  ,  and  the  irregularity  of  its  contrac- 
tions." Senac  (1749)  and  others  described  cases,  so  that  the  lesion  became 
quite  familiar  to  pathologists  in  the  early  part  of  the  ninetconth  century. 

PATHOLOGICAL   ANATOMY    AND    PATHOGENESIS. 

Pathologically,  it  is  brought  about  by  a  chronic  inflammatory  process 
taking  place  in  the  tissue  of  the  valve  w^hich  leads  to  thickening  and  fusion 
of  the  cusps.  By  this  fusion  the  valve  comea  to  form  a  sort  of  funnel,  some- 
times   elongated,    sometimes    short 
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and  shallow.  The  walls  are  much 
thicker  than  those  of  the  normal 
valve,  owing  to  a  chronic  infiltra- 
tion and  proliferation  of  the  con- 
nective tissue  within  them.  They 
are  usually  more  or  less  rigid,  some- 
times smooth,  sometimes  rough  from 
remains  of  old  vegetations  and  calci- 
fications, and  the  auricular  surface 
is  often  puckered  or  thrown  into 
folds.  The  lower  margin  of  the 
valve  is  attached  to  the  chordae 
tendinea*,  which  become  shortened 

and   thickened   very   early  in   the   process.     The  orifice  thus  formed  is 
sometimes  circular,  sometimci  oval  or  button-holed,  sometimes  irregular 
(Fig.  189).    According  to  Sansom,  the  funnel  shape  is  more  common  in 
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Fio,  189. —  Human  heart,  {thowirig  mitrmi  (JK) 
Btul  tricuApid  iTi  MtenoMiii.  Viewed  frum  abov«k 
The  »uricJes  have  bcco  cut  through. 
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children,  while  the  buttonhole  is  more  common  in  adults  and  represents 
a  lesion  of  longer  duration.  The  orifice  may  often  become  very  small 
before  death  ensues,  sometimes  barely  large  enough  to  admit  a  goose-quill 
(Sansom).  In  some  long-standing  lesions  the  margin  of  the  valve  may 
become  so  thick  and  stiff  (sometimes  calcified,  cartilaginous,  or  ossified) 
that  it  does  not  close  during  ventricular  systole;  in  others  the  edges 
become  retracted  so  that  they  no  longer  cover  the  orifice.  In  either  case 
secondary  mitral  insufficiency  may  result. 

Occurrence. — ilceording  to  the  studies  of  Lockhart  Gillespie,  mitral 
stenosis  is  most  common  in  women,  increasing  in  frequency  up  to  the 
age  of  29.  In  men  it  is  scarcely  more  than  half  as  common,  but  reachea 
its  maximum  frequency  a  decade  later.  The  males  affected  die  earlier  than 
the  females,  however;  the  average  period  of  death  being  from  30  to  39  with 
the  former,  while  with  the  latter  it  is  40  to  49.  The  presence  of  the  double 
mitral  lesion  does  not  shorten  the  average  period  of  life. 

Etiology. — As  regards  etiologj^  Cheadle,  Samways,  Duroziez,  and 
Dyce  Duckworth  agree  that  rheumatism  is  the  etiological  factor  in  at 
least  60  per  cent,  to  78  per  cent,  of  the  cases,  other  acute  infections,  chlo- 
rosis (Goodhart),  chronic  nephritis,  gout,  arteriosclerosis,  and  puerperal 
infections  representing  the  other  etiological  factors,  Potain  also  believes 
that  pulmonary  tuberculosis  is  an  important  factor,  but  this  is  disputed 
by  many  writers;  most  of  whom  agree  with  Traube  that  tuberculosis  is 
far  less  frequent  (5  per  cent.)  in  the  presence  of  mitral  stenosis  than  in 
normal  individuals  (12  per  cent.)  or  in  those  with  other  heart  lesiona 
(Meiaenburg,  Tilcston). 

Pathogenesis. — As  regards  pathogenesis,  Huchard  0- c.)  divides  the 
cases  of  mitral  stenosis  into  three  groups: 

1.  The  congenital  form,  resulting  from  fetal  endocarditis,  which, 
as  Sansom  has  shown,  is  very  rare. 

2.  The  endocarditic  form  of  infectious  origin  (due  especially  to 
rheumatism,  scarlet  fever,  measles,  typhoid  fever,  smallpox,  etc.),  resulting 
from  the  organization  and  fusion  of  old  vegetations.  This  is  the  most  com- 
mon form,  since  rheumatism  alone  can  be  demonstrated  as  an  etiological 
factor  in  about  70  per  cent,  of  the  cases. 

3.  The  sclerotic  form,  which  is  associated  with  general  arterio- 
sclerosis, gout,  and  plumbism.  In  this  group  no  traces  of  cndocarditic  vege- 
tations occur  upon  the  valve,  and  the  process  is  more  closely  allied  to  that 
within  the  vessel  walla  in  arteriosclerosis.  Under  this  group  should  also  fall 
the  large  group  of  cases  associated  with  chlorosis  and  other  ancemias  in 
which  no  other  causal  factor  is  present  to  explain  the  presence  of  the  lesion. 
Goodhart,  who  laj^s  especial  stress  upon  this  group,  believes  that  the 
chronic  overstrain  of  the  anaemic  heart  muscle  is  followed  by  oedema 
and  petechial  in  the  substance  of  the  mitral  valve,  as  has  been  demonstrated 
experimentally  by  Hoy  and  Adami.  He  thinks  that  this  oedema  is  followed 
by  cellular  infiltration  and  finally  by  proliferation  of  fibrous  tissue  resulting 
in  the  mitral  stenosis.  While  this  view  is  suggestive,  no  careful  histological 
or  experimental  studies  have  been  made  to  bear  it  out.  On  the  other  hand, 
it  must  be  remembered  that  mo?t  anaemic  and  gouty  persons  are  subject  to 
repeated  shght  infections  which  might  suffice  to  produce  chronic  changes  in 
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the  heart  during  the  lapse  of  years.  Weber  and  Deguy  have  shown  that 
hemorrhage  occurs  often  in  the  valves  after  labor,  etc.  This  is  followed 
by  iniiitration  and  organization  and  finally  by  scleroals  of  the  valve. 

PATHOLOGICAL    PHYSIOLOGY. 

The  nature  of  the  disturbance  to  the  circulation  in  mitral  stenosis  was 
already  discerned  by  Vieusscns  in  1715,  who  noted  that  owing  to  the  inabil- 
ity of  the  blood  to  pass  through  the  mitral  orifice  with  sufficient  rapidity, 
it  had  become  dammed  back  in  the  pulmonary  veins  and  pulmonary  arte- 
ries, increasing  the  work  of  the  right  ventricle  and  leadmg  to  insufficiency  of 
the  tricuspid  valve.  At  the  same  time  the  force  of  the  pulse  (blood-pressure) 
and  amplitude  of  the  pulse  were  diminished,  owing  to  the  diminution  of  the 
blood  which  entered  or  was  forced  out  of  the  left  ventricle.  Vieussena 
noted  further  that  the  force  and  rhj'thm  of  contraction  were  irregular. 
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Fra.  IfK>. — Diagram  sboving  the  cluu)«ea  ia  tba  circul«tioa  du«  to  mitnl  Bteoosis.  The  Htace  of 
perfect  corapcnMtion  Ls  not  shovm.  »uee  there  Are  pmotically  no  prewure  changes.  II  rcpreeeota  ttl* 
etage  at  whiph  pulmonar>'  eompenmtion  is  brokea  but  Bystemio  eireuiktion  ha.*  not  yet  become  affeeted. 
Ill  reprewmta  the  etage  in  which  thpre  is  broken  ptulmonary  eompeuMtioi].  and  tho  left  ventricle  h**  foiled 
to  mjuntain  the  arterial  preAMure.  The  last  pressuxe  changes  in  the  last  staffe,  with  broken  systemio  oom- 
peoaation  aa  well,  correspond  «i«ctly  ta  those  jn  the  laat  atace  of  mitrat  ioaufflcien«y .   (Compare  with  Pig.  26. ) 

The  changes  of  pressure  corresponding  to  these  phenomena  have  been  studied  experi- 
mentally by  Bettelheim  ajid  Ivaudera,  D.  Gerhardt,  and  MacC'allum  and  SIcClure,  who  have 
found  that  the  production  of  a  mild  grade  of  experimental  stenoaisi  causes  distinct  rise 
in  the  mean  pressure  within  the  left  auricle,  the  pulmonary  veins 
and   the  pulmonary  artery. 

Filling:  of  the  Ventricles, — The  effect  of  the  stenosis  upon  the  filling 
of  the  ventricles  as  shown  in  the  volume  curve  has  recently  been  investi- 
gated by  the  writer,  aided  by  Mr,  J.  M.  Wolfsohn.  As  shown  in  Fig.  191, 
the  first  effect  of  the  mitral  stenosis  is  to  slow  the  inflow  into  the  left  ven- 
tricle. As  a  result  of  this  the  left  auricle  is  more  than  usually  full  at  the 
time  of  its  systole,  and  forces  an  unusually  large  quantity  of  blood  into  the 
ventricle  (Fig.  192^  as).  Thb  increase  in  auricular  output  at  first  suflBces 
to  complete  the  filling  of  the  ventricle,  but  as  the  lesion  progresses  a  little 
further  even  this  fails  to  do  so  and  the  amount  of  blood  entering  the  ven- 
tricle falls  below  normal.    As  a  consequence  of  this,  the  ventricle  forces 
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less  blood  into  the  aorta,  the  arterial  blood-pressure  falls  and  the  pulse- 
pressure  diitiini.shert.  This  is  the  condition  as  observed  in  tho  experiment. 
In  man.  however,  whei-e  the  pathological  change  is  a  gradual  one,  the 
arteries  gradually  accommodate  themselves  by  constriction  of  their  chan- 
nels until  the  blood -pressure  has  returned  to  about  its  normal  level. 
The  pressure  in  the  systemic  veins  is  diminished,  as  has  been  shown  by 
Korufeld. 
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FlQ,  191. — Volume  of  tlie  veiiiriclcfl  in  experiiueiitjU  mitral  eteiioaiii.  (KiudnesA  of  the  Jolina 
Hopkins  Htxipitul  Bulletin,)  Tmcing?  obtained  from  n  dog's  heart  in  experimental  miinU  stenositi. 
VOL.,  volume  rurv<« ;  CAR.,  carotid  pre«<)ijr«.  The  arrow  indicate*  the  tnomeitt  at  wliich  the  •teooaia 
wjui  pruductKj,  Tlie  filling  of  tJie  ventricles  (dowBHtroke)  wa»  slowed,  diantani!  thurifontal  part  of  ourvv) 
aetJi  in  prematurely,  and  the  pari  of  the  curve  du«  to  auricular  eyiitole  (eecood  downatroke)  beootnes 
more  pronounced.     The  heart  rat«  is  practically  uiicLansed. 
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^  Fin.  1^2. — Diagram  iUuntratinc  the  variatioas  in  the  rotume  curve  of  the  ventrirlen  in  increaadnii 

degrees  (I,  II.  Ill,  IV)  of  mitral  stctioatA.     S,  iiyatole;  D,  diastole,  AS,  inflow  into  t}ie  veutriclea  due  to 
systole  of  the  auricles.    iComtmrr  with  Fig.  13.) 

As  the  narrowing  of  the  mitral  orifice  progresses,  a  further  change 
occurs  in  the  filling  of  the  heart.  It  now  requires  a  greater  difference  in 
pressui'e  to  tlrive  the  blood  from  auricle  to  ventricle  and  as  a  consequence 
it  is  seen  that  during  a  great  part  of  diastole  little  or  no  blood  is  flowing  in. 
Diastole  is  thus  divided,  accorditng  to  Henderson's  terminology  (cf.  page 
11), into  three  periods: 

I.  A  jieriod  of  early  diastole,  during  which  the  ventricle  fills  with  moderate  rapidity, 

thiwgh  more  slowly  than  iiomially. 
II.  A  period  of  diaattwis  (Hendereon),  during  which  little  or  no  filJing  occurs.  Experi- 
ments UfMjn  the  excised  heart  (cf.  page  12)  indicate  that  the  mitral  valve-H  close 
suddenly  just  at  the  beginning  of  Itiis  perio<l  and  remain  completely  or  almost 
completely  clo&e<l  until  the  next. 
IT  I.  This  is  followed  by  the  third  event  of  diastole,  when  more  blood  is  driven  into  the 
ventricle  by  the  forcible  contraction  of  the  left  auricte.  The  latter  must  now  con- 
tract more  forcibly  than  ever  and  as  a  consequence  hypertrophies,  Indee<i  (Jer- 
liardt  has  shown,  from  the  autopsies  of  two  cases  with  very  mild  gtBdes  of  stenosis, 
that  hypertrophy  of  the  left  auricle  is  the  first  change  resulling  from  the  lemon, 
and  that  hyj)ertmphy  of  the  right  ventricle  is  a  later  phenonienon.  Pulmonary 
congicstion  tilways  occurs,  however,  and  in  all  but  the  very  mildest  oases  hypertrophy 
of  the  right  ventricle  results. 
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With  further  narrowing  the  filling  of  the  left  ventricle  diminishes,  its 
total  volume  and  systolic  output  diminish,  and  the  btood-prpssurc  would  fall 
were  this  not  compensated  by  vasocoiLstriction.  The  stretching  of  the 
walls  of  the  left  aurick  resulting  from  stasis  may  act  as  a  stimulus  and 
give  rise  to  ext-rasystoles  or  may  predispose  to  paroxj'smal  tachycardia; 
and  when  the  overdist^'ntion  is  great,  it  may  lead  to  auricular  fibrillation 
and  absolute  irregularity  (Lewis,  sw  page  118).  At  first  the  spells  ol"  irregu- 
larity occur  in  transitional  attacks  coming  on  during  the  periods  of  overstrain 
and  subsiding  under  treatment,  but  as  the  disease  advances  the  irregularity 
becomes  permanent.  Persistent  irregularity  due  to  extrasystoles  (Fig.  199) 
is  occasiomilly  met  with.  When  the  auricle  becomes  j>aralyzed  and  its  walls 
become  fibrous,  the  heart-rate  remains  regular.  The  chamber  may  then  be 
dilated  to  hold  2500  c.c.  (MOller)  or  even  3000  c.c.  (Minkowski).  The  irreg- 
ularity may  disappear  when  the  work  of  the  heart  is  relieved,  or  its  strength 
is  increased  by  digitalis  (see  Fig.  199),  when  the  presystolic  rumble 
reappears.  As  the  lesion  progresses  further,  the  stasis  in  the  pulmo- 
nary circulation  increases,  and  broken  compensation  follows,  just  as  it 
does  in  mitral  insufficiency. 

As  can  be  seen  from  the  above  description,  the  problem  of  maintain- 
ing compensation  in  mitral  stenosis  is  quite  different  from  that  in  mitral 
insufficiency.  In  the  latter  condition  the  important  factor  was  seen  to  be 
the  emptying  of  the  left  ventricle,  whereas  in  mitral  stenosis  the 
difficulty  lies  in  the  filling  of  this  chamber,  and  the  hypertrophy 
necessary  to  bring  this  about  affects  not  the  left  but  the  right  ven- 
tricle and  the  left  auricle.  Since  this  can  be  accomplished  only  by  increas- 
ing the  pulmonary  engorgement,  it  is  evident  that  afler  the  lesion  has 
reached  a  certain  stage  perfect  eom|3ensation  becomes  impossible,  and  the 
re-establishment  of  compensation  is  always  more  difficult  than  in  a  corre- 
sponding grade  of  mitral  insufficiency. 

SYMPTOMS    AND    SIGNS. 

The  symptoms,  color,  and  general  appearance  of  patients  with  mitral 
stenosis  are  very  much  the  same  as  in  those  with  mitral  insufficiency, 
except  that  they  are  somewhat  more  pronounced  and  more  i^ersistent. 
Hiemoptysis  and  precordial  pain  are  more  frequent  than  in  mitral  insuffi- 
ciency, as  are  also  attacks  of  pulmonary  oedema. 

Hofbauer,  Alexander,  Miecslaw,  Frischauer,  and  Osier  have  called 
attention  to  the  hoarseness  and  stenotic  (brassy)  cough  as 
a  symptom  in  mitral  stenosis.  Osier  has  shown  at  autopssy  that  under 
these  conditions  the  left  recurrent  larjmgeal  ner\'e  is  compressed  against 
the  arch  of  the  aorta  and  the  Hgamentum  Botalli  by  the  dilated  left  auricle, 
and  then  undergoes  degenerative  changes. 

Andr^  Petit  recognites  tbree  clinical  groups  of  persons  with  mitral  atenoflis: 
I.  The  chlorotic  type  affecting  mainly  youn^  girls.  The  ekin  and  mucous  mem- 
branes are  pale,  the  complexion  sallow.  The  patients  readily  become  short  of 
breath,  are  subject  to  nos€-bletHL<^,  menstrual  disturbances,  dyspepsia,  constipation, 
am!  npr\'oU8nei«.  Only  auBcuItatiou  reveala  the  nature  of  the  disease. 
II.  Tlie  p  K  o  u  d  o  t  u  b  e  r  c  u  1  o  u  s  type  in  yoiuiE  women,  cliamcterixed  by  repeated 
attaclo?  of  bronchitis,  dry,  hacking  cough,  and  ha-moptysis,  especially  at  menstrual 
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periodii.    The  patiences  are  pale  and  emaciated  and  closely  resemble  consumptives 
in  appearance. 

III.  The  dyspnoeic  type  into  which  any  of  the  other  types  may  merge.  There  is 
dyspnfea  on  exertion,  frerjuently  also  attacks  of  cardiac  swthma  at  night.  Tliese 
patients  usually  have  Huahed  faces,  with  slipht  dull  tinge  of  cyanosis  (the  typical 
mitral  facies),  due  to  imperfect  aeration  of  the  blood  in  the  lungs. 


PHYSICAL    EXAMINATION. 

Except  for  the  findings  in  the  immediate  vicinity  of  the  heart,  the 
results  of  physical  examination  in  cases  of  mitral  stenosis  are  practically 
the  same  as  in  mitral  insufficiency.  The  pulse,  however,  is  rai-ely  of  as 
long  volume  as  in  the  latter,  and  the  pulae-pre.ssure  is  usually  smaller. 
Irregularity  is  about  as  common  and  is  of  the  same  type  (absolute  irregular- 
ity, with  or  without  auricular  paralysis)  in  both  conditions. 

The  Cardiac  Impulse. — The  findings  about  the  heart  are,  however, 
characteristic.  The  apex  impuli?e,  sometimes  in  the  normal  position  and 
sometimes  out  in  the  axilla,  is  usually  well  marked,  sudden,  short,  and 
tapping  or  flapping.  This  peculiar  appearance  is  due  to  the  seesaw  move- 
ments of  the  chest  wall  over  the  right  and  left  ventricles.  There  is  a  wavy 
movement  in  the  third,  fourth,  and  fifth  interspaces,  which  when  accurately 

timed  or  recorded  is  found  to  consist  of  a  systolic 
retraction  of  these  interspaces  over  the  hyper- 
trophied  right  ventricle  (see  page  297).  The 
systolic  impulse  of  the  pulmonary  artery  may 
sometimes  be  seen  in  the  second  left  interspace 
at  the  sternal  margin. 

Palpation.  —  The  findings  of  palpation  are 
perfectly   characteristic.      At    the    apex,    and 

fl^^i       H  ly^   9       usually  over  this  area  only,  the  shock  of  the 
^Ib     ^k'T^^^^v        ^^^^  sound  can  be  felt,  short,  sharp,  and  tap- 
^^Hk    l^||).j  ^^         piiig-     In  the  typical  cases,  up  to  the  last  stage 
^^^  IK'l^^w  (auricular  paralysis)  this  is  preceded  by  a  short 

I        ^^L^bi^r  presystolic  thrill,  having  a  "purring"  character 

^^(B^^  (fremtssement     cataire,     Corvisart,     Laennec), 

Fjo.  193.— Diagram  i.bowing tho  leading  up  to  the  shock  which  accompanied  the 
direction  of  the  9tr«m  entering  f^^st  souud.  It  can  be  increased  bv  sHght 
the  left  ventnclo  through  the  trie-  .  t        -  1111 

notic  mitral  orifice.  exercise.     It   IS,    as    a   rule,    sharply   locahzed 

about  the  apex  in  an  area  of  about  3  cm.  in 
diameter  (or  about  the  size  of  a  stethoscope  bell),  probably  because  it  is 
produced  by  the  impact  of  the  narrow  stream  driven  by  the  forcible 
auricular  contraction  tlirectly  against  the  apical  portion  of  the  walls  of 
the  left  ventricle. 


n 


Indeed  Oeatreich,  Lenhartz,  and  Burk  have  shown  that  this  stream  may  finally  cause 
a  bulging  of  the  ventricular  wall  at  the  jxnat  where  it  lias  Ijeen  striking.  The  vibra- 
tions tmnsinitted  frotn  the  chordae  tendineu*  and  papillary  muselea  are  also  factors  in  its 
production. 

Occasionally  a  tap  or  thrill  is  also  to  be  felt  in  early  or  m  i  d  -  d  i  a  - 
stole  accompanying  the  third  heart  sound  or  the  diastolic  rumbles 
about  to  be  described.  The  sensation  thus  imparted  by  the  presystolic 
thriU  and  the  tapping  first  shock  are  so  characteristic  that  the  diagnosis 
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of  mitral  stenosis  may  often  be  established  from  palpation  alone.  The 
shock  accompanying  the  second  sound  is  usually  very  distinct,  and  J>ecomes 
markedly  accentuated  as  the  pulmonary  urea  is  approached. 

Percussion. — The  typical  area  of  dulnesi*  on  percussion  and  the  cardiac 
outline  as  .seen  by  the  X-ray  (Ciroedel)  often  show  the  outline  of  the  left 
ventricle  (lower  bonier  and  lower  half  of  left  border)  to  be  normal,  though 
in  almost  equal  frequency  it  is  extended  to  the  left.  Thus,  in  32  cases 
Sansom  found  the  left  ventricle 

Normal  in. 12 

Hypertrophied  in 9 

Dilated  in 5 

Dilated  and  hypertrophied  in . .  3 

Small  in 3 

lliin  walled  in 1 

Above,  the  area  of  dulnesa  ^^  ^- 

extend.s  higher  and  further  to  ^^*  ' 

the    left    than     norma!,    often 
reaching  as  high  as  the  second 

rib  (though   usually  not  above  ^^m         i 

the  third)  and  embracing  an  area  ^^V         i 

of  2  to  5  cm.  in  the  second  left  ^V  i  " 

intei'space.  ^H  f 

As  shown  bv  the  autop«icR  of  Th.  ,,      ,,,.      „    ..         ^,.         j  j.  .  -u  -.•        #  .i. 

„       .         ,  .  -         ,      ,    ,  tiG-  104.  — Cardiac  outline  and  distribution  of  the 

Hams,     this    area     of     (JulneHS     COrre-  prfe.)T.Ujlic  rumble  in  mitral  ^tenosin.     The  »rea  of  c»rtli«o 

apondu     to      the      dilated      conus  riulneaa  in  indicated  by  a  light  line,  the  cardiac  flatnes  by 

a  r  t  e  r  i  o  8  u  e  and  diluted  pulmonary  ^  tea^y  line.    The  area  over  which  the  prwystolic  rum- 

_^  ,  .      .        .1         1-1    .     I     1   r,  hie  and  Rnapping  nri«t  nouna  are  heard  is  tndioat«d  by  a 

arterj^    and    not    to     the     dllat^    left  ^i^ele.     The  relation  of  die*.  «ound«  to  tj,e  earthac  cyH« 

auricle.      Except   when    general  failure  »*  .«hown  in  the  miiall  diagram  at  the  left.     The  syptoho 

has    set    in,   the    right    border    of    the  retraction   over  the  right  ventricle  in  indicated  by  Uie 

heart  ib  nomial.  but  the  cardiac  flat-  iovertwi  cardiogram. 
nes8  may  be  increased  and  reach  to 

the  right  sternal  margin  (hy|.>ertrophy  of  the  right  ventricle).  The  ty[)ical  area  of  cardiac 
dulness  in  mitral  stenosis  ia  therefore  a  short,  wide  oval  with  a  bulging  upon  its  upper 
l©ftroargin(Fig.  I^). 

Auscultation. ^Presystolic  Rumble. — The  auscultatory  findings  in  mitral 
Bteno«is  an?  quite  unique,  and  usually  furnish  the  basis  for  diagnosis.  The 
characteristic  sign  is  a  rumbling  or  echoing  sound  in  late  diastole  (auriculo- 
systolic  in  time),  increasing  in  crescendo  up  to  the  beginning  of  the  first 
heart  sound.  Like  the  presystolic  thrill  and  the  diastolic  sounds,  this 
presystolic  rumble  is  usually  heard  over  an  area  of  2-3  cm.  only,  at  or  a 
little  to  the  right  of  the  apex. 

The  rwmble  and  the  first  sound  thua  come  to  have  the  phonetic  equivalent  of  Trup, 
tr-rr-nip,  Tiirrup  (Steel),  Rou  fflt  (Duroziea).  It  waa  first  described  by  trtjndrin  in 
1842  and  by  F'auvel  in  184^5  in  cases  of  mitral  insufficiency ,„  but  itu  diagnostic  wignificancc 
was  definitely  established  by  W.  T.  (Jairdiier,  of  EfHiiburgh,  in  1861.  Gairdner  and  the 
older  writers  considered  it  to  be  produced  by  synlole  of  the  left  auricle  (auricular-tsystolic) 
driving  the  blcMxl  forcibly  through  the  narrow  mitral  orifice.  Tliis  view  has  been  practi- 
cally proveti  by  the  obser^'ations  of  James  Mackenzie  that  the  presystolic  miinnur  ie  present 
only  when  the  venous  tracing  shows  contractions  of  the  auricles,  and  «ijsappears  when  the 
auricle  no  longer  pumps.  The  protodiastolic  and  mid-diaatotic  rumbles  rem^n^  however, 
but  they  may  be  very  hard  to  dist,ingui.sh  from  the  presystolic  (auriculosyBtolic)  murmurs, 
aspeciolly  when  the  heart-rate  is  rapid.    T.  8.  Hart  (Med.  Rec.,  1911,  Ixxx,  2)  clairox  to 


have  heard  crescendo  presyatoKc  murmutB  in  four  cases  of  auricuar  fibiilllatioQ,  but 
his  obwn,'atJona  require  confirmation.  The  graphic  records  of  Weiss  and  Joachim 
show  the  nimble  to  be  auricu!o8>'stolic.  T.  Lewis  (Heart,  1912-1913,  iv,  241)  has  recorded 
the  HoundH  of  Einthoven's  method  and  finds  that  the  presystolic  nimble  precedes  ven- 
tricular systole  by  .05  to  .22  second,  the  period  of  anrieuloventricular  conduction,  and 
that  when  auricular  fibrillation  is  preijent,  the  sounds  run  through  the  entire  diastole  sind 
are  never  confined  to  the  presystolic  period. 


Fio.  195.— RadioKrap)i   from   a  caw  of  mitrn.!  Fio.  l&ii.  — iJiugrttm   rcprescntiug  the   shadows 

Bt«nosia,  taken  with  tJic  plate  behind  the  patient,  shown  in  ¥if.  195.  The  broken  line  inilir«.to«  {lie 
ahowinc  increase  of  the  *httdow  due  Ui  the  dilated  outline  of  a  normal  heart.  The  arrow  indicate;'  the 
left  auricle.  (Kinttness  of  Prtif.  G.  M.  Cooper.)  The  enlargement  upward  in  the  transvere  oblique  diain- 
left  ventricle  is  not  dilated.  eter.      LA,    left   auricle;    PA,   pulmonary  artery; 

AO.  aorta;  LV,  left  vcnlricle. 

Snapping  First  Sound. — The  nature  of  the  first  heart  sound  ia  also  char- 
acterLstie.  It  is  short  an<i  sharp,  and  may  resemble  the  secoud  sound  so 
closely  sm  to  be  mistaken  for  the  latter.  This  is  especially  common  in  cases 
in  which  the  second  sound  is  not  well  heard  at  the  apex. 

Fenwick  and  Overcnd  believed  that  it  was  of  liighcr  pit(J^l  than  the  normal  first  sound, 
but  this  is  not  borne  out  by  the  curves  of  Weiss  and  Joucliitu,  who  found  waves  of  about 
normal  pitch  but  of  much  greater  amplitude  (Fig.  197).  It  is  possible 
that    Fenwick    and    Overend    may 

have  heard  higher  overtones  than  ^    ^  ^  ^    ^ 

ftccompany  the  normal  heart  soimd. 
According  to  Ilaycraft,  it  is  the 
valvular  element  which  imparts  the 
high-pitched  notes  to  the  first  sound, 
and  this  is  naturally  accentuated  in 
mitral  stenosis,  for  the  stiff  mitral 
valve  plays  a  greater  r6Ie  in  sound 
production  than  in  the  normal. 

Broadbent  and  Acland  be- 
lieved that  the  ventricular  walla 
"oloae  down  rapidly  because  their 
cavity  is  not  distended  with  blood" 
and  thus  give  rise  to  a  more  sudden 
soimd.  However,  the  snapping 
sound  is  quite  as  pronounced  in  the  numerous  cases  in  which  the  ventricle  is  dilated;  and 
moreover,  on  the  other  hand,  the  cjirdiometer  shows  that  diminution  in  ventricular  volume 
oecurB  at  exactly  the  same  rate  as  in  the  normal  heart.* 

*  On  account  of  the  smaller  amount  of  blood  discharged  at  the  usual  rate,  the  duration 
of  systole  is  shorter;  but  Einthoven's  tracings  show  that  the  duration  of  the  first  sound  is 
normal. 


CAROTID 


SOUND 


Fio.  197. — Graphic  recoftl  of  carotid  pul-ie  and  heart 
Boiindt)  in  mitral  etenosis.  (After  Weii«  and  Joachim.)  Upper 
hoe,  Gsrotid  pulse;  middle  line,  phonogram;  lower  line, 
time  in  lio  seconda ;    P,  preityBtolic  rumble;  1 ,  2,  heart  sounds. 
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This  applies  only  to  the  first  sound  produced  in  the  left  ventricle, 
and  hence  heard  only  over  a  small  area  about  the  apex  from  which  it  is 
transmitted  for  a  short  distance  upward  and  to  the  right.  Over  the  right 
ventricle  the  first  sound  ia  normal  until  the  latter  stages  of  the  disease, 
when  it  is  often  replaced  by  the  murmur  of  tricuspid  insufficiency.  The 
second  sound  at  the  apex  is  usually  faint,  and  may  even  l>ecome  quite 
inaudible  in  the  latter  stages  of  the  disease,  probably  owing  to  the  low 
arterial  blood-pressure,  but  over  the  pulmonic  area  it  is  markedly  accen- 
tuated. 


INTRA  VENTR ICUI-AR 
PRESSURE 


VENTRinjLAR    » 

VOI.UMK    Z 
CURVES 

I 


BOUNDS 
CORRESPONDING  TO 

VOLUME    2 
CURVES 


DU  *1 


TE 


Qua 


i[hIi>!.(i 


jIjk 


Uhlt 


Fio.  198. — Diasrvn  aliowittK  tlie  relations  of  the  i-irioua  eounda  h«ird  Id  unMrniplicnted  mitral 
BtMiOMH  to  events  in  the  fiUiug  auii  emptying  of  the  ventricle.  N,  normaJ.  Light,  heavy,  broken,  anit  dot- 
ted lines  oorreepond  with  aoundi  whoM  bue  iioes  are  made  with  theae  bne#. 


DtgltaJ  Imitation  of  the  Presystolic  Rumbte  and  SnappiRs  First  Sound.— While  the 

ordinary  vowel  aniJ  consonunt  sounds  fail  to  give  any  close  imitation  of  the  sounds  heard 
in  mitral  atenoais,  these  may  be  quite  closely  reproduced  by  the  nit-thod  of  H.  L.  Smith 
(pa^  170),  tapping  on  the  knuckles  with  four  fingers  in  rapid  succeiysion. 

Systolic  Murmur  in  Mitral  Stenosis  with  Mitral  Insufficiency.--.Since  the  mitral  cusps 
are  much  deformed  and  thickened  in  mitral  ateno^is,  and  the  chordse  tendinea:  ethortened, 
it  is  not  surprising  that  leaka^  at  this  valve  should  be  present  in  the  greater  number  of 
CBsen  (Fig.  179).  The  group  of  signs  due  to  the  insufficiency  of  the  valve  associated  with 
Btcnosis  do  not  present  striking  differences  from  the  signs  of  the  fonner  lesion  when  existing 
alone.  Hypertrophy  of  the  left  ventricle  occurs  in  almost  all  these  cases,  and  tlie  heart  is 
enlarged  horieontally  to  the  left.  A  blowing  systolic  murmur  accompanies  and  follows  the 
snapping  finst  sound;  and  occasionally,  when  the  second  sound  at  the  apex  is  absent  or 
very  8oft>  this  nuirmur  may  seem  to  be  diastolic.  Careful  timing  by  cnmparifion  with  the 
ahockfl  and  the  time  of  the  pulmonic  second  sound,  however,  will  prevent  this  error. 
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Sounds  In  Early  and  MJd-dtastole. — The  sounds  heard  in  early  and  mid- 
diastole,  however,  are  quite  as  well  marked  as  is  the  presystolic  murmur. 
These  sounds  are  of  three  types: 

1.  An  early   diastolic  sound,  the  third   sound  of  a  proto- 

diastolic  gallop  rhythm  (rup  -  tat  -  ta) ,  which  Bouillaud  observed  in  1S41 
in  association  with  mitral  stenosis.  This  sound  is  heard  in  about  65  per 
cent,  of  all  cases  of  mitral  stenosis  (Steell).  Though  somewhat  louder  it 
does  not  seem  to  differ  from  the  third  sound  of  the  normal  heart  in  moile 
of  production,  and  is  probably  due  to  the  sharp  closure  of  the  mitral  cusps 
when  the  period  of  rapid  ventricular  filling  has  come  to  an  end.  It  is  there- 
fore to  be  reg:arded  as  a  "closing  snap"  of  the  mitral  (Hirschfelder,  I.e.), 
and  not  as  an  "  opening  snap"  as  thought  by  Duroziez,  San.som,  and  Potain. 
As  the  filling  of  the  ventricle  is  somewhat  less  complete  than  normal,  tliis 
sound  occurs  a  trifle  early  (Thayer).  That  it  should  be  louder  and  more 
readily  produced  is  due  to  the  rigidity  of  the  altered  mitral  valve. 


^'/ W^-V  ^-»jV4^- 


Fio,  IW. — Vpnoiu  puIbc  of  a  patient  wiUi  mitral  ?tenowi»  diirinK  ai»  attack  of  acute  he«rt  failure. 
A.  Tracing  taken  on  Dec.  i,  \Wi7.  The  prwystolic  ruroble  haa  di.>«appeare<i.  The  a  (auricular)  wavs  ia 
abiient  frtmi  the  venouM  pulw.  There  it-  absHilute  arrhythmia.  li.  Tracing  taken  five  liayn  later,  after 
return  of  compenftation.  The  preftystolic  rumble  has  returned;  the  a  wave  i»  prewJit  on  the  veaoUB  pulse. 
The  rhythij]  i;»  refftilnr.     The  arrows  mark  the  time  when  auricular  rontraotion  shouUI  occur. 


2.  One  of  the  commonest  sounds  in  mitral  stenosis  is  a  rumble 
in  early  or  in  mid -diastole  of  the  same  character  as  the  pre- 
systolic nimble.  According  to  Huchard,  it  may  resemble  the  sound  of  a 
flag  fluttering  in  the  breeze,  causing  the  cardiac  cycle  to  resemble  the  words 

"  rup  -  tat  -  rarou."  This  rumble  may  follow  almost  immediately  after 
the  Beeond  sound.  It  may  last  throughout  diastole  and  be  continuous 
with  the  presystohc  rumble,  or  it  may  be  separatetl  from  the  second  sound 
and  also  from  the  presystolic  by  short  intervals.  On  the  other  hand,  when 
the  presystolic  rundjle  has  disappeared  during  auricular  paralysis  it  may  be 
the  only  sound  heard  during  diastole. 

Tliese  rumbles  occur,  therefore,  at  the  tinte  when  the  blcHxl  is  flowing  rapidly  Into  the 
left  ventricle.  At  thJB  phaae  of  diastole,  owinfi:  to  the  stasis  in  the  pulmonary  vcSm,  the 
auricular  pressure  is  relntively  high.  It  is,  therefore,  not  eurprisitig  that  the  stream  pass- 
ing through  the  iiarrf>we<i  auricular  channel  iimler  about  the  same  preaaurv  shouhl  give 
rise  to  a  muibJe  similar  to  that  produoe<l  later  in  diaatnle  when  the  same  stream  is  pro- 
pelled through  the  same  orifice  at  about  the  tMitne  rate  by  the  force  of  the  auricular  con- 
traction. Nor  is  it,  therefore,  surpriBing  ihat,  as  shown  by  Mackenzie,  the  early  diastoUa 
29 
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rumbles  produced  by  a  pressure  which  is  continually  diniinishing  should  be  always 
d  e  c  r  e  8  c  e  n  d  o  in  character,  while  the  presystolic  rumblea  produced  by  the  rnpidlj 
increasing  auricular  contraction  should,  on  the  contrary,  be  creecendo. 

3.  A  blowing  diastolic  murmur  not  unlike  the  ordinary  mur- 
mur of  aortic  insufficiency  is  occasionally  heard  in  mitral  stenosis  (Graham 
Steell,  Huchard,  Cabot  and  Locke,  Bard),  This  murmur,  however,  never 
replaces  the  second  sound  as  does  the  aortic  murmur,  but  follows  it  after 
a  short  pause.  It  becomes  louder  and  lasts  longer  as  the  pulse-rate  dimin- 
ishes. The  murmur  is  intense  at  the  apex,  but  is  also  heard  above  and 
to  the  left  of  the  latter.  It  is  not  heard  over  the  aortic  area  nor  over  the 
sternum,  though  sometimes  heard  at  the  upper  left  sternal  margin.  Whether 
this  murmur  is  caused  by  a  secondary  functional  insufficiency  of  the  pul- 
monary valves,  due  to  dilatation  of  the  right  ventricle  (cf.  page  493),  or  is 
a  cardiopulmonary  murmur  (cf.  page  178)  induced  by  the  increased  activity 
of  the  right  ventricle,  is  still  unsettled.  It  is  probable  that  each  is  met  with 
in  some  cases. 

STAGES    OP   MITR.\L   STENOSIS. 

It  is  difficult  to  divide  the  course  of  mitral  stenosis  into  well-defined 
stages.  From  a  physiological  and  diagnostic  stand-point  it  might  be  con- 
venient to  distinguish  four  stages, — which  differ  .sthghtly  from  those  de- 
scribed by  Broadbent  (I.e.).  These  are  characterized  by  the  foUowing 
phenomena: 

First  Stage.  —  Presystolic  rumble,  snapping  first  sound  and  second 
sound  are  well  heard  at  the  apex, — compensation  is  good, — the  left  auricle 
contracting  forcibly  as  shown  by  the  presystolic  rumble,  also  the  left  ven- 
tricle as  shown  by  well-marked  second  sound.  The  second  pulmonic  sound 
is  increased.  The  sounds  of  early  and  mid-diastole  may  or  may  not  be 
present.  Broadbent  says  of  this  stage,  "  I  have  never  known  serious  symp- 
toms to  arise  from  the  condition  of  the  heart,  and  I  have  seen  serious  ill- 
nesses of  different  kinds  passed  through  without  the  intervention  of  embar- 
rassment of  the  circulation." 

Second  Stage.— The  presystolic  rumble  and  first  sound  persist  and  the 
early  and  mitl-dia.stolic  rumbles  may  be  present,  but  the  second  sound  at 
the  apex  has  completely  or  almost  completely  tlisappcared.  This  indicates 
that  the  force  of  the  left  ventricle  is  beginning  to  diminish  (Fig.  190,  III), 
but  the  left  auricle  is  still  contracting  forcibly.  At  this  .stage  the  presystolic 
rumble  is  sometimes  mistaken  for  the  first  heart  sound  and  the  snapping 
first  sound  for  the  second,  so  that  if  there  is  a  systolic  murmur  present  a 
diagnosis  of  mitral  insufficiency  may  be  made,  and  a  less  severe  prognosis 
is  sometimes  given.  This  error  may  be  avoided  by  carefully  timing  the 
heart  sounds  by  palpation  or  by  noting  the  change  in  sounds  on  gradually 
passing  the  stethoscope  from  base  to  apex. 

Third  Stage. — The  presystolic  rumble  and  thrill  have  disap[]eared.  The 
snapping  first  sound  and  sounds  of  early  dia.stole  persist;  the  second  sound 
at  the  apex  may  or  may  not  be  heard.    Fibrillation  of  the  auricles  has  set  in. 

Overlapping  of  Second  and  Third  Stages.— In  some  cases  this  occurs 
earlier  than  the  disapjx'arance  of  the  first  sound  at  the  apex,  and  these  two 
stages  overlap  or  may  even  replace  one  another  chronologically. 
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This  depends  upon  the  relative  strength  of  left  ventricle  and  left  auricle,  as  well  as 
i\\K>n  the  degree  to  which  the  mitral  orifice  ia  narrowed;  for  a  comparatively  weak  left 
auricle  sometimes  fails  without  materially  affecting  the  cardiac  filling,  while,  on  the  other 
hand,  a  vigrnrously  beating  auricle  may  produce  a  loud  sound  while  forcing  a  small  amount 
of  blcKHl  through  the  narrowed  orifice,  and  yet  the  amount  of  blood  thus  entering  the  left 
ventricle  may  be  too  small  to  maintain  the  arterial  blood-pressure  and  to  cause  a  distinct 
second  sound. 

Dyspnoea,  hajmoptysis,  and  the  usual  features  of  stasis  in  the  pulmo- 
nary cliTuktion  occur  in  the  second  and  third  stages  of  the  disease. 

Fourth  Stage. — Broken  systemic  compensation,  venous  stasis,  cedema 
of  the  extremities,  enlargement  of  the  liver,  gastric  and  digestive  disturb- 
ances, ascites,  hydrothorax,  and  all  the  other  features  of  broken  compen- 
sation of  the  right  ventricle  set  in.  In  the  later  stages  there  are  wrell-marked 
signs  of  tricuspid  insufficiency,  positive  venous  pulse,  and  positive  pulsa- 
tion of  the  liver. 

PULSE, 

Exactly  as  in  mitral  insufficiency,  permanent  irregularity  of  the  pulse 
due  to  the  numerous  extrasystoles  may  occur  quite  early  in  cases  where 
both  the  presence  of  the  presystolic  nimble  and  the  venous  pulse  tracing 
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Via,  200. — Pennantnt  !>.  i  .  i  m  .-  n  ..  .-  •  l  :  .  ;  i:,l  .  ,  .  .  u  ,i;u-  f  ■  i  i?.tenr*'  of  tlie  auricular 
eoatractiotui  (a  w«ve) upoo  the  veiic>u>  ptil>te.  1  tic*  right  auricJe  i.al  iv&fH)  m  i^till  contranUog.  1  he  traciog 
shows  the  preecnce  of  p«niu*tent  tturicular  extnutystoles. 


show  that  the  auricles  are  still  contracting  forcibly  {Fig.  200).  Owing  to 
the  greater  circulator}'  disturbiincc  entailed  in  the  filling  of  the  left  ventricle, 
arrhythmia  causes  a  somewhat  greater  circulatoiT  disturbance  in  mitral 
stenosis  than  in  insufficiency^  although  in  neither  is  it  a  harbinger  of  immedi- 
ate danger  and  it  may  last  for  years.  The  pulse  is  usually  small  in  mitral 
stenosis,  owing  to  the  contracted  condition  of  the  radial  and  other  medium- 
sized  arteries. 

The  blood-pressure  is,  as  a  rule,  very  little  changed,  owing  to  the  com- 
pensatory changes  in  the  arterial  bed.  The  most  common  change  is  a 
diminution  in  pulHC-pressure  due  to  a  rise  in  the  minimal  pressure  brought 
abotit  by  the  vasoconstriction.  A  large  pulse-pressure,  such  as  is  frequently 
seen  in  well-compensated  mitral  insufficiency,  is  not  common  in  mitral 
stenosis. 

DIAGNOSIS. 

In  the  absence  of  aortic  insufficiency  and  adherent  pericardium  the 
diagnosis  of  mitral  stenosis  is  comparatively  simple,  and  is  based  upon  the 
presence  of  the  presystolic  or  tliastolic  rumble  or  thrill  at  the  apex,  together 
with  a  short  snapping  first  sound  in  this  region,  a  markedly  accentuated 
second  pulmonic  sound,  and  a  large  P  wave  upon  the  electrocardiogram. 
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However,  it  sometimes  happens  that  these  signs  appear  only  occafiion- 
ally  while  the  patient  is  under  observation. 

Some  years  ago  the  writer  liad  umler  Ws  care  for  several  monthis  a  patient  with  per- 
nicioxjs  aiijeniia  in  whom  a  pn'syst o!ic  tmimiur  was  heard  on  only  one  occasion,  though  the 
heart's  action  was  fairly  \'igorous  and  ropilar  A  gallop  rhythm  had  been  present  during 
lier  entire  illness.    The  diagnosis  of  a  mild  grade  of  mitral  fitenosis  was  verifieci  at  autopsy. 

Occasionally,  on  the  other  hand,  the  patient  is  seen  after  auricular 
paralysis  has  set  in  and  when  there  is  no  diastolic  rumble  present  whatever 
and  only  the  sounds  of  the  second  and  third  stages.  Such  cases  show  the 
need  of  fref}uent  ausrultntioD  of  the  patient. 

Differentiation  between  Aortic  Insufficiency  and  Mitral  Stenosis.— In 
the  presence  of  aortic  insufficiency  it  must  be  remembered  that  the  presys- 
tolic and  fliastolic  murmurs  described  by  Austin  FUtit  may  closely  simulate 
those  arising  in  mitral  stenosis  (see  page  473).  In  aortic  insufficiency  the 
thrill  is  rarely  as  well  marked  as  in  mitral  stenosis,  and  the  first  sound  is 
rarely  sufficiently  short  and  snapping  to  be  mistaken  for  mitral  stenosis. 
The  two  conditions  were  found  together  in  4.2  per  cent,  of  the  17S1  cases 
of  valvular  disease  at  the  Johns  Hopkins  Hospital, — i.e.,  in  about  one- 
seventh  of  all  the  cases  of  mitral  stenosis  and  one-tenth  of  all  the  cases  of 
aortic  insufficiency,  so  that  it  is  not  a  conditioti  of  extreme  rarity.  When, 
as  not  infrequently  happen.^,  the  mitral  stenosis  is  the  first  condition  present, 
there  is  no  difficulty,  as  the  late  diastolic  blow  of  mitral  stenosis  is  rare  and 
scarcely  ever  mistaken  for  aortic  insufficiency.  But  when  the  aortic  insuffi- 
ciency is  the  first  lesion  to  occur,  the  diagnosis  of  the  second  lesion  becomes 
much  more  difficult.  Occasionally  in  doubtful  cases  a  slight  exercise 
or  a  few  forced  expirations  with  glottis  closed  (Valsalva's  experiment)  will 
increase  the  work  of  the  left  auricle  and  cause  the  presystolic  thrill  and 
rumble  to  become  so  intense  that  the  presence  of  mitral  stenosis  is  unmis- 
takable. A  diagnosis  should  never  ]ye  made  unless  the  heart  has  been 
examined  in  various  stages  of  its  activity.  In  spite  of  such  precautions 
errors  are  not  infrequent,  and  are  made  by  the  most  skilful  observers.  It 
must  be  frankly  confessed  that  there  are  many  cases  in  which  the  diagnosis 
cannot  be  made  with  any  degree  of  certainty. 

According  to  Phear,  adhesive  pericarditis  can  also  be  mistaken  for 
mitral  stenosis,  since  occasionally  a  presystolic  rumble  may  occur,  due  no 
doubt  to  the  stretching  of  the  fibrous  strands  under  the  influence  of  the 
auricular  contraction  of  the  ventricular  filhng,  and  here  also  the  diagnosis 
of  two  coexistent  lesions  shoulti  be  made  with  caution. 

Presystolic  Gallop  Rhythm. — Another  condition  which  on  rare  occa- 
sions may  be  confounded  with  mitral  stenosis  is  one  of  slight  cardiac  weak- 
ness in  which  there  is  a  presystolic  gallop  rhj-thm.  Under  these  circum- 
stances, as  Sewall  states,  the  ventricles  are  overfilled  with  blood  and  the 
auricle  encounters  some  difficulty  in  forcing  blood  into  them.  There  may 
even  in  some  cases  be  a  sUght  functional  stenosis  like  that  discussed  on 
page  172.  SewaU  believes  that  under  these  conditions  the  contraction  of 
the  auricle  becomes  audible  and  may  even  be  mistaken  for  mitral  stenosis. 

Quite  recently  the  writer  lias  had  under  his  care  in  the  Johns  Hopkins  Dispensary 
a  girl  of  Hi  years  who  presented  thi«i  picture.  She  had  had  a  slight  attack  of  rhetunatism 
And  tonaillitia  and  shortly  afterwards  began  to  have  palpitation,  weaknesti,  nervousnesB, 


and  a  little  pain  in  the  precordlum  and  around  the  lower  part  of  the  left  axilla.  On  exami- 
niilion  the  heart  was  not  enlarged,  l>ut  the  ishock  acconipanvinjr  the  first  sound  was  quite 
sharp  and  there  was  a  well-ik'fmed  impnilwe  which  l>egan  with  vil>ralions  that  suggested  a 
presystolic  thrilL  These  were  somewhat  increased  on  exercise.  The  second  pulmonic 
was  not  ahnornially  accentuated.  The  puJse-rate  was  120  and  rejrular.  There  was  no 
anflemia.  The  signs  were  not  quite  definite  enough  to  warrant  a  litagnowis  of  mitral  stenosis. 
The  patient  was  given  digitalis  for  a  few  days  and  thi»  was  folbwerl  hy  a  prolonged  treat- 
ment with  iron,  quinine,  and  ntrychnine.  She  improveii  steadily,  and  for  several  weeks 
pa-^t  no  preaystolic  Kounda  or  impulse  can  be  elicited  even  by  quite  severe  exereise.  As  it 
seems  quite  unlikely  that  an  aurirular  paralysis  would  t+et  in  coincident  with  thei«e  condi- 
tions of  improvement,  and  in  the  absence  of  any  arrhythmia,  it  h>eemK  most  likely  that  this 
case  represented  one  of  very  loud  presystolic  gallop  rhythm,  and  that  no  organic  lesion 
is  present. 


Case  or  Mitkal  SxENoaia  with  iNsurnciENCY,  Axgina  Pectorw,  and 

PttLMONAfiY  ScKEBOSm. 

0.  A.  K..  farmer,  aged  34,  was  admitted  to  the  Johns  Hopkins  Hospital,  June  2, 
1903,  complaining  of  heart  trouble  and  shortness  of  breath.  Family  history 
negative.  Patient  has  always  been  healthy  except  for  chorea  at  1-1  and  acute 
articular  rheumatism  at  18.  He  is  rather  subject  to  headaches.  Has  smoked  and 
druuk  in  excess,  but  for  the  past  few  years  does  so  iii  great  moderation.  He  is  much  ex- 
posed to  the  weather. 

For  the  past  six  or  seven  years  he  has  been  short  of  breath  and  has  hat! 
pain  over  the  heart.  Six  months  before  adxnisaioii  he  developed  ascending 
oedema,  which  disappeared  under  treatment,  but  liia  breath  remained  short  ami  the 
cedema  reapi>eared  witliin  a  couple  of  months.  During  the  past  month  he  has  hatl  spells 
of  dizziness  and  ffunling  during  exertion  and  had  one  chill  foUoweil  by  fever. 

On  examination  the  patient  is  seen  to  be  a  well-nourished  man  with  anxious  appear- 
ance ami  flashed  face,  deeply  cyanotic.  He  is  quite  dyapnoeic.  The  teeth  are 
bad;  the  pharynx  is  injected.  The  veins  of  the  neck  are  prominent,  but  do  not  pulsate. 
The  chest  is  full,  and  coarse  rdles  are  everywhere  heard. 

Heart. — The  apex  impube  is  seen  in  the  6th  left  interspace  12  cm.  from 
the  midline.  Dulncss  extends  upward  to  the  second  left  inters])ace  and  4  cm.  to  the  right 
of  the  sternum.  There  is  a  loud  systolic  murmur  heartl  over  the  entire  heart 
and  left  axilla.  The  heart's  action  is  irregular  in  force  and  rhytlun.  Pulse-rate  70.  The 
radial  is  somewhat  sclerotic.    Maximal  bloo<i-preasure  130  mm.  Hg. 

His  liver  and  spleen  were  not  enlarged.    There  was  no  aniema  of  the  feet. 

He  was  kept  in  bed,  purged  freely,  given  tincture  of  digitalis 
(8  doses  of  1  cc.  [fl^xv]  each).  During  the  following  two  months  his  condition  i  m  - 
proved  markedly,  in  spite  of  the  occurrence  of  a  filjrinous  pleurisy.  His  flyspnoea 
diminished  and  he  felt  much  improved.  Coincident  w  i  t  li  this  improve- 
ment a  presystolic  rumble  and  thrill  gradually  appeare<i  and  a  snap- 
ping first  sound  preceded  the  systolic  munnur.  Three  months  after  admis- 
sion his  cyanosis  had  almost  entirely  disappeared.  TThe  heart  was  still  eidarpcd  (the  apex 
11  em.  from  the  midline);  a  well-marked  pre^systoUc  thrill  was  felt  ami  a  presystolic  mur- 
mur wtiA  heard  at  the  apex.  The  first  sound  was  snapping  and  was  accnnipanied  and 
foUowetl  by  a  loud  blowing  systolic  murmur. 

The  blood-pressure  during  his  stay  in  the  hospital  ranged  between  12  0  and 
13  5   mm.   H  g  , 

After  leaving  the  hospital  at  this  time  the  patient  felt  well  for  about  six  weeks, 
during  which  period  he  covild  even  run  for  a  car  without  distress.  Then  he  caught  a 
cold  which  persisted  for  four  montlis,  being  aggravated  by  exertion.  He  had  two  umre 
fainting  spells  on  exertion.  Oedema  returned,  the  Sower  extremities  and 
of  late  even  the  face  and  eyes  being  swollen.    Urine  less  frequent  than  normal. 

On  read  mission  he  was  very  cyanotic  an<l  very  d  y  s  p  n  n  e  i  c  . 
Moist  r  il  I  e  a  were  heard  over  the  entire  chest.  The  apex  is  now  in  the  6th  left 
interspace  15.5  em.  fmtn  the  midline.  The  presystolic  rumble  and  sys- 
tolic murmur  are  well  heard,  un  at  the  last  discharge,  fled  blood-corpuscles  6,000,000; 
huenioglobin  105  |»er  cent.;  Jeueoeytes  35O0. 
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On  the  nlisht  of  admission  the  patient  felt  bad  and  had  attacks  d  1 
which  he  felt  faiot  and  "saw  etare."  Venesection  caused  much  releif 
in  the  BjTnptoms  and  the  blood-pressure  rose  from  120  mm.  Hg  to  140  mm. 
The  patient's  condition  then  gradually  improved,  but  on  January  24  he  had  a  definite 
attack  of   precordial   pain   and   constriction   lasting  1-3  minutes. 

Feb.  23.  Has  had  [)ain  in  head  and  the  left  side  of  the  face  due  to  a  beginning  otitis 
media. 

Durinf^  the  next  few  weeks  he  had  several  attacks  of  angina  pec- 
toris, the  pain  being  usually  most  marked  beliind  the  lower  part  of  the  sternum.  In 
one  attack  it  radiated  to  the  left  shoulder  and  down  the  left  arm  to  the  hand  (left  ventric- 
ular pain). 

On  April  20  he  complained  of  pain  in  the  left  axilla  and  back,  com- 
ing  in   paroxysms   lasting  for   15-20   minutes   (left  auricular  pain). 

May  6.  Sputum  bloody.  Fronv  this  time  on  he  gradually  improved, 
cyanosijj  and  dyspnoea  almost  disappeared,  and  he  was  discharged  in  August 
in  fair  condition.  From  that  time  until  his  readmission  in  November  he  suffered  from 
numerous  attacks  of  angina  pectoris,  licginmng  in  the  left  hand  and 
passing  up  the  arm  to  the  shoulder  and  heart.  He  also  ha<l  an  attack  of  rheu- 
matism and  severe  tonsillitis.  His  physical  condition  was  like  that  on  pre- 
vious admission,  but  the  anginal  attacks  were  more  fre<]uent.  He  was  given  hy|K>dermic 
injections,  sometinu^  of  morphine,  sometimes  of  distilleii  water,  to  relieve  them. 
Uis  condition  gradually  improved,  most  markedly  after  venesec- 
tion. Towanl  the  enil  of  his  stay,  while  up  and  about,  he  became  subject  to  sudden 
paroxysms  of  acut*  dyspnoea  (respirations  130  f)er  minute),  with  small  moist  rales  filling 
the  lungs  (acute  pulmonary  oedema).  These  persi.H.tCil  in  spite  of  repeated  rest  and  digitalis 
treatments.  He  was  di.«icharged  on  July  11,  1905,  seven  montlw  after  admission.  CEdema 
and  dyspnoea  returned  within  ten  days,  and  he  was  soon  back  in  the  hospital  again.  Dur- 
ing this  admission  he  never  thorouehly  rallied.  His  blood -pressure  remained 
low,  105  mm.  maximal  pres.sure  (as  compared  with  120-130  mm.  on  previous  ad- 
missions). The  pulse  was  irregular.  Rdlcs  were  constantly  present  in  his  chest.  The 
Uver  was  palpable.  A  slight  pleurisy  developed  on  October  13  and  he  died  on  Octo- 
ber 20. 

At  autopsy  the  mitral  orifice  was  found  to  have  the  form  of  a  email 
b  u  1 1  o  n  -  h  o  1  e  barely  admitting  the  lip  of  the  Uttle  finger  (about  6  mm.  in  diameter). 
The  left  auricle  was  dilate  d  and  h  y  i>  e  r  t  r  o  p  h  i  e  d  .  The  left  ventricle 
was  not  dilated,  but  was  much  hyjxrtrophied,  iU  walls  being  15  mm.  lluck.  The  right 
auricle  and  ventricle  were  much  dilated,  the  tricuspid  orifice  admitting  four  fingers 
(13-14  cm.  in  circumference).  The  coronary  arteries  were  patent  but  sho^^'ed 
scattere<l  areas  of  sclerosis.  There  wen?  old  fibrous  patches  upon  the  pericardium. 
The  pulmonary  arteries  were  markctlly  sclerotic;  the  sclerosis  extended 
into  their  smaller  branches.  The  aorta  and  [leripheral  arteiies  slmvve<l  kvis  sclerosis.  There 
were  also  chronic  passive  congestion  of  the  other  viscera,  anirmic  infarctions  of  the  spleen, 
hemorrhagic  infarction  of  the  Jungs,  acute  bronchitis,  bronchopneumonia, 
acute  ulcerative  folJicular  colitis,  old  tuberculous  foci  in  the  lymph-glands  and  lu 
chronic  adhesive  pleuritte,  and  adhesive  peritonitis. 


COMPLICATIONS. 

As  aeen  by  the  table  in  Fig,  179  mitral  stenosis  is  frequently  associated 
with  other  valvular  lesions.  Mitral  insuffifiency,  present  in  one-half  of  the 
Johns  Hopkin.H  cases  and  in  75  per  cent,  of  Steeli's  cases,  ma.v  be  regarded 
as  an  essential  part  of  the  disease  rather  than  a  special  complication,  and 
it.s  presence  doew  not  .shorten  the  average  length  of  life. 

The  association  of  aortic  tUsease,  and  indeed  of  any  additional  burden 
upon  the  circtdation,  increases  the  gravity  of  the  condition. 

Tricuspiil  stenoisia  is  an  occasional  concomitant,  though  rarely  as  often 
found  as  by  Saniways,  who  encountered  it  in  severe  grade  in  24  out  of  196 
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autopsies  upon  cases  of  mitral  stenosis,  and  in  mild  grade  in  8  additional 
caiies.  In  the  Johns  Hopkins  Hospital  it  was  found  clinically  7  times  among 
298  casQs  of  mitral  Btenosis. 

A  certain  degree  of  myocarditis  is  the  rule,  especially  in  cases  in  the 
third  and  fourth  decades. 

Acute  pericarditis  is  quite  common  in  the  youthful  rheumatic  cases, 
frequently  leaving  a  residual  adherent  pericardium,  a  lesion  which  aggra- 
vates the  condition  conaideral>ly  and  greatly  shortens  the  life  of  the  patient. 

One  of  the  most  important  and  dangerous  complications  arising  with 
mitral  stenosis  is  pregnancy   (see  Chapter  I X). 

Thrombosis  In  the  Left  Auricle. — Another  not  uncommon  complication 
of  mitral  stenosis^  more  than  any  other  valvular  lesion,  is  thrombosis  within 
the  left  auricle.  This  may  occur  even  while  the  auricle  is  still  contracting 
vigorously,  as  shown  by  the  presystolic  thrill  and  rumble.  The  thrombus 
may  remain  quiescent  in  the  tip  of  the  auricle  or  it  may  obstruct  the  pul- 
monary veims.  Sometimes  it  is  so  large  as  to  stop  up  the  narrow  mitral 
orifice  and  kill  the  patient.  More  frequently  it  is  small  enough  to  pass 
through,  and  if  carried  on  by  the  blood  current  gives  rise  to  a  small  area  of 
emlKilism. 

Emlwlism.— Embolism  of  the  middle  cerebral  artery  may  give  rise  to 
paralysis  or  aphasia.  Emlx>lism  in  other  organs  gives  rise  to  corresponding 
signs  and  symptoms. 

Pulmonary  embolism  and  infarction  are  caused  by  thrombi  from  the 
riglit  auricle  and  ventricle;  and  hence  are  due  to  secondary  stasis  in  the 
latter  and  not  primarily  to  the  mitral  stenosis.  However,  as  failure  of  the 
right  ventricle  is  particularly  common  in  mitral  stenosis,  pulmonary  embolism 
18  especially  frequent  in  this  disease. 

A  few  months  ago  a  patient  was  admitted  to  the  medical  service  of  the 
Johns  Hopkins  Hospital  with  gangrene  and  anasthesia  of  both  lower  ex- 
tremities, due  to  plugging  of  the  abdominal  aorta  by  such  an  emljolus.  He 
has  a  well-marked  mitral  stenosis,  with  purring  presystolic  thrill  and  loud 
presystolic  rumble,  showing  that  his  left  auricle  was  contracting  vigorously. 
Needless  to  say,  nothing  eould  be  done  to  relieve  him,  and  he  died  within 
a  few  days. 

TREATMENT  OF   UITRAL  STENOSIS, 

As  regards  indications  for  treatment,  cases  of  mitral  stenosis  fall  into 
several  groups. 

I.  1.  Compensated  cases  with  regular  pulse-rate. 

2,  ( )ccasionaI  ext  rasystoles  wit  h  some  cardiac  weakness  or  occasional 
attacks  of  paroxysmal  tachycardia. 

XL  Paroxysmal   or  permanent  arrhythmia  with  or  without  broken 
compensation. 

HI.  Broken  compensation. 

In  the  milde^l  and  most  chronic  forms  the  treatment  is  mainly  prophy- 
lactic and  the  patients  may  often  be  kept  free  from  symptoms  for  years  by 
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maintaining  a  carefully  regulated  life,  by  taking  special  precautions  against 
overstrain,  ansDniia,  and  inf odious  diseases. 

All  foci  of  infection  should  be  carefully  looked  for  and  eradicated. 
Diseased  tonsils  and  abscessed  teeth  should  be  removed,  furuncU'a  and  foci 
of  pyorrhcEa  alvetylariii  vigorouisly  treatetl,  suppurations  of  the  various 
sinuses  and  of  the  sexual  organs  treated  or  drained. 

When  bronchitis  is  present  it  may  bring  on  a  vicious  circle: 

Bronchial 
congeal  ioa  aiid 
infection 


/      \ 


Pulmonary    ^ Reinfection  of  and  increaae 

Btiuiis  of  cardiac  lesion, 

and  therefore  it  should  be  treated  carefully. 

The  patient  should  be  protecte<l  as  far  as  possible  from  draughts  and 
severe  weather,  and  tlie  bronchial  condition  relieved  with  inhalations.  The 
writer  has  found  the  following  mixture  especially  soothing: 

B  Menthol 2  G.  gaa 

Eucdyptol 5  3  iaa 

Camplior 5  3  isa 

Tr.  benzoin  co 30  J  i 

Alcohol 45  Ji«i 

Sig.    One  teajspoonf ul  in  hoiling  water  for  inlialation. 


Pulmonary  tuberculosis ^  though  not  extremely  uncommon,  must  not 
be  overlooked ;  and  must  be  vigorously  treated  by  the  usual  methods.  Ansemia 
is  such  a  potent  factor  in  keeping  up  the  a»denia  infiltrations  of  the  valves 
that  when  present  it  deserves  special  attention.  Anicniic  patients  should  be 
given  complete  rest  and  diet  rich  in  eggs  and  milk,  some  form  of  iron, 
especially  Vallet\s  mass  (0.3  G.,  gr.  v),  Blaud's  pills,  or  the  saccharated 
oxide  of  iron  (Ferrum  oxidatum  saccharatum, — one  teaspoonful  in  water). 
When  the  hoemoglobin  is  low,  arsenic  (Fowler's  or  Donovan's  solution)  may 
be  given. 

The  patients  whose  compensation  in  it«elf  remains  good  but  who  suffer 
occasionally  from  the  palpitation  and  discomforts  attending  extrasystoles 
and  paroxj'smal  tachycardia  which  owe  their  origin  t*y  the  distended  left 
auricle  present  a  condition  which,  though  as  a  rule  not  dangerous,  is  difficult 
to  relieve,  for  it  l)ear8  a  closer  relation  to  the  heightened  irritability  than  to 
lessened  contractibility  of  the  heart  muscle  (see  page  108). 

Drugs  of  the  digitalis  series  affect  this  condition  only  occasionally,  and 
no  remedy  has  thus  far  proved  of  great  use. 

The  cheerful  side,  however,  is  found  in  the  fact  that  in  many,  though  by 
no  means  the  majority  of  instances,  the  patient's  actual  strength  and  bis 
outlook  may  not  l>e  seriously  impaired  by  the  occurrence  of  these  disturbances. 
Extrasystoles,  when  not  associated  -with,  signs  of  cardiac  failure  orweakne68^ 
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niny  Ije  disregarded,  even  though  when  accompanied  by  cardiac  weakness 
tlH'y  may  have  a  serious  import.  The  same  la  true  of  paroxj'snia!  tachycardia, 
allliough  in  the  hit  tor  the  cardiac  faiiurr  due  to  the  paroxism  itself  may  be 
entirely  out  of  proportion  to  the  siiji^lit  disturbance  of  the  circulation  from 
tlie  mitral  stenosis.  The  management  of  this  condition  is  discussed  on 
page  700. 

Mitrat  Stenosis  with  Absolute  Arrhythmia  and  Auricular  Fibrillation. — 
It  Ls  ill  the  ca^s^-^4  uf  mitral  stenosis  with  tran.situr\-  or  pennanent 
arrhrtlimia  resuiting  from  fibrillation  of  the  auricle  that,  as  Mackenzie 
and  Ix'wis  have  shown^  the  most  brilliant  improvements  jire  to  be  obtained 
(page  25G). 

In  these  cases  the  symptoms  are  to  a  great  extent  (hie  in  part  to  stasis 
in  the  left  auricle,  presf^ure  upon  the  l>ronchi  and  the  recurrent  larj-ngeal 
nerve,  congestion  of  the  pulmonary  circulation,  and  at  times  ceiiema  of  the 
lungs,  and  in  part  to  diminished  fiJling  of  the  arterial  blocxl- vessels. 

This,  as  the  experiments  of  llirschfelder  and  \^*olfst^l'u^  have  shown,  is 
due  largely  to  the  fart  that  in  mitral  stenosis  the  ventricles  fill  mure  rslowly 
than  normally  during  diiistole,  and  moreover  that  in  this  contlititin  the  pump- 
ing action  of  the  auricies  assumes  a  r6Ie  of  importam'e  alK>ut  equal  to  that  of 
the  passive  filling j  so  that,  when  the  latter  factor  is  eliminated  by  fibrillation 
and  the  diastoles  are  shorteneci  by  a  rapid  heart-rate,  the  filling  of  the  ven- 
tricle is  greatly  imiicded,  the  puhnonary  circulation  becomes  overfilled,  and 
the  outflow  into  the  arteries  becomes  tliminished. 

In  mitral  stenosis  more  than  in  any  other  condition  the  value  of  digitalis 
shows  itself,  but  by  no  means  always  to  the  same  degree.  Indeed,  no  other 
valvular  lesion  furnishes  such  striking  contrasts  in  the  usefulness  of  digitalis. 
If  the  heart  is  regular  and  rapid  digitalis  may  be  entirely  ^\^thout  avail,  since 
its  effects  in  slowing  the  regular  heart  are  slight  at  best.  In  pure  mitral  steno- 
sis the  effect  on  tonus  does  not  show  itself  at  all,  since  the  left  ventricle  is 
not  dilated;  but  where  any  considerable  grade  of  mitral  insufficiency  and 
ililatation  exist,  the  favorable  effect  of  the  drug  in  these  conditions  may  mani- 
fest itself.  In  the  paro.vysmal  tachycardia  and  am-icular  flutter  which  occur 
in  mitral  stenosis  more  than  in  any  other  condition,  digitalis  is  of  little  use 
unless  it  acts  first  to  convert  the  allorrhythmia  into  an  auricular  fibrillation. 

But  it  is  in  the  condition  of  auricular  fibrillation  which  occurs  more 
commonly  in  old  cases  of  mitral  stenosis  than  in  any  other  conthtion  that 
digitalis  exerts  the  most  striking  effects  ever  seen  in  the  practice  of  medi- 
cine— the  rapid  heart  becomes  slow,  the  respiratory  dii^tress  disappears, 
swelling  of  liver  and  legs  vanishes,  the  patient's  strength  rapidly  returns,  and 
all  the  desired  therapeutic  effects  may  l)e  brought  about  in  many  cases  by 
the  projK'r  administration  of  the  drug. 

In  order  t^>  secure  the  full  benefit  in  these  cases,  as  stated  on  page  256, 
the  drug  must  be  administered  in  sufficient  doses  over  a  sufficient  period  of 
time  and  must  be  kept  up  as  long  as  the  arrhythmia  lasts.  In  general,  three 
or  four  doses  of  50  minims  of  the  (physiologically  standardized)  tincture  of 
digitalis  at  four  hourly  intervals,  followed  by  fifteen-minim  fl  c,c.)  doses 
until  the  pulse-rate  falls  below  70,  will  suffice  to  bring  at)out  improvement 
without  danger  of  cumulative  action.    If  the  larger  doses  are  continued  too 
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long,  the  period  of  full  benefit  may  be  only  transitctry,  and  may  be  replaced 
by  several  weeks  during  which  the  patient  may  he  troubled  by  palpitation 
("uncomfortable  thumping"  of  the  heart),  weakness,  and  peculiar  sensa- 
tions in  the  extremities,  whieh  one  patient  of  the  writer's  described  ft3  "  feeling 
as  though  her  limbs  were  empty," 

The  two  extremes,  therefore,  of  too  much  and  too  little  digitalis  must  he 
carefully  avoided  in  each  ease,  if  the  best  results  are  to  be  attained,  but  the 
amount  of  digitalis  and  the  time  necessary  to  bring  this  about  vary  with  each 
individual,  and  indeed  with  each  attack.  To  slow  the  pulse  and 
keep   it  slow   must   be   the   aim   in   those  patients. 

In  unfortunate  contrast  to  these  eases  of  mitral  stenosis  with  absolute 
arrhythmia  are  the  patients  whose  pulse,  in  spite  of  failing  compensation, 
remains  regular,  either  because  the  muscle  of  the  auricle  becomes  atrophied 
or  because  it  remains  strong  enough  to  earrj'  out  its  share  of  coordinate  con- 
tractions throughout. 

In  these  patients  the  effect  of  digitalis  is  confined  to  its  action  on  force 
and  on  tonicity. 

In  the  milder  cases  of  cardiac  failure,  and  especially  those  in  which  the 
latter  has  been  of  short  duration,  this  treatment  alone  may  suffice;  but  in 
patients  whose  heart  has  been  we^k  and  rapid  for  some  time  it  no  longer  has 
much  effect  in  slowing  the  heart.  This  may  be  on  account  of  exhaustion  of 
the  vagi,  or  else  be  due  t«  the  simultaneous  stimulation  of  the  accelerators. 
Accordingly,  in  cases  of  this  type,  digitalis,  and  other  tirugs  as  well,  cannot 
be  relied  upon,  and  treatment  must  be  directed  along  the  lines  of  rest,  grad- 
uated exercise,  and  careful  regulation  of  life. 

In  the  acute  heart  failure  of  mitral  stenosis  with  pulmonary  oedema, 
various  methods  for  tiding  over  the  crisis  must  be  resorted  to.  Atropine 
(0.5  to  1  mg.,  gr.  ,  \j^  fo  A)  ^^V  ^^  given  to  diminish  the  secretion  into 
the  bronchi  and  alvi^li,  inhalations  of  amy  I  nitrite  and  hypodermic  injections 
of  nitroglycerin  (0.5  to  1.5  mg.,  gr,  y^'q  ^*^  ^^)  ^^  lessen  the  periphersJ  resist- 
ance; antl  as  quickly  as  possible  an  attempt  should  l>e  made  to  increase  the 
force  of  the  heart  with  an  intravenous  injection  of  strophanthin  (0.5  to 
1  mg.,  gr.  j\^  to  bV)" 

If  the  patient  is  not  ansemic,  a  prompt  venesection  with  removal  of 
300  to  500  c.c.  of  blood  will  do  more  than  anything  else  to  relieve  the 
circulation,  and  should  be  resortetl  to  promptly,  but  never  before  the 
haemoglobin  has  been  taken.  If  the  latter  is  in  the  vicinity  of  70  per 
cent.,  venesection  should  be  used  only  under  exceptional  circumstances, 
for  there  is  danger  of  impoverishing  the  blood  too  greatly  and  bringing 
on  cardiac  weakness  from  anaemia.  In  such  cases  a  gradual  cutting  off 
of  the  venous  return  by  bandages  upon  both  arms  and  both  legs,  as  recom- 
mended by  V,  Tabora  and  Tomai  (page  233),  has  been  found  to  have 
a  similar  action  without  removing  the  blood-corpuscles  from  the  body  and 
thus  without  bringing  on  the  symptoms  of  aniemia.  Care  must  be  taken 
that  the  bandages,  w^hich  for  this  purpose  may  well  be  comiKised  of  ordi- 
nary elastic  tape,  must  compress  the  arm  at  a  pressure  well  below  the 
diastolic  pressure,  so  as  to  impede  the  backflow  through  the  veins  but  not 
the  0OW  through  the  arteries. 
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W.  Arbuthnot  Lane  and  later  (1902)  Sir  Lauder  Brunton  suggested 
that  in  the  liRht  of  modorn  surgical  technic  it  might  be  possi- 
ble to  slit  the  narrowed  valve  with  a  fine  knife 
and  thus  remove  the  stenosis.  The  experiment  of  slitting  the  mitral  valve 
has  been  performed  by  Cushing  and  Branch  in  hearts  of  normal  dogs.  It 
does  not  present  extreme  difficulties,  but  the  recoveries  were  few,  in  spite 
of  the  fact  that  the  heart  muscle  of  these  dogs  was  in  good  condition. 
Bemheim  in  the  same  laboratory  arrived  at  similar  results.  Lauder 
Brunton  had  advocated  the  operation  only  for  cases  which  were  otherwise 
doome<l;  and  it  is  evident  that  here  the  danger  from  a  weakened  mytK'ar- 
dium  would  be  far  greater.  Moreover,  even  if  successful,  the  mechanical 
effect  of  suddenly  converting  a  severe  mitral  stenosis  into  a  severe  mitral 
insufficiency  would  impose  an  intense  strain  upon  the  heart,  and  might, 
even  in  that  way,  do  more  harm  that  good. 


PROGNOSIS. 

In  spite  of  the  numerous  complications  and  the  progressive  character 
of  the  lesion^  the  average  duration  of  life  in  mitral  stenosis  is  not  extremely 
short,  being  33  years  for  males,  38  for  females.  This  is  due  to  the  fact  that 
the  pathological  process  is  usually  a  slow  and  very  chronic  one,  and  with 
careful  avoidance  of  infectious  diseases  and  overstrains,  it  may  remain  dor- 
mant for  years.  Lenhartz  hiis  seen  a  woman  with  mitral  stenosis  pass  through 
seven  pregnancies  without  trouble. 

When  heart  failure  anti  persistently  rapid  heart  rate  set  in,  the  prog- 
nosis dej>ends  upon  the  presence  or  al>sence  of  auricular  fibrillation.  If  the 
heart  rate  is  regular,  digitalis  can  do  little  and  the  prognosis  may  be  highly 
unfavorable.  If  there  is  fibrillation,  digitalis  can  usually  lie  counted  on  to 
slow  the  heart  rate,  and  amelioration  may  set  in,  in  even  the  most  desperate 
cases. 

In  severe  cases  with  prolonged  stasis,  embolism  is  always  to  be  feared. 
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IV. 

AORTIC  INSUFFICIENCY. 


HISTORICAL. 

Our  knowledge  concerning  Icsionti  of  the  aortic  valves  producing  leak- 
age at  that  orifice  (aortic  insufficiency,  aortic  regurgitation,  aortic  incom- 
petency) dates  from  1705,  when  the 
English  anatomist  C-owper  first  de- 
scribed the  occurrence  of  stififening 
and  thickc?iiing  of  the  valves  so  that 
they  "did  not  apply  adequately  to 
each  other,  whence  it  happened  some- 
times that  the  blood  in  the  great 
artery  would  recoil  and  interrupt  the 
heart  in  ita  systole."  Shortly  after 
thia,  and  quite  independently  of  Cow- 
per,  Vieussens  (1715)  described  two 
ainular  cases,  noting  also  the  presence 
of  a  very  full  quick  pulse,  like  the 
rebound  of  a  tightly-stretched  cord, 
associated  with  palpitation  of  the 
heart  so  severe  that  it  prevented  lying 
down.  Morgagni  also  described  sev- 
eral cases,  in  one  of  which  he  recog- 
nized both  aortic  insufficiency  and 
aortic  stenosis.  Hodgkin  in  1829  de- 
scribed a  number  of  cases,  and  also 
noted  for  the  first  time  the  diastolic 
nmrmur.  but  did  not  recognize  any 
diagno-stic  features;  so  that  the  clear 
clinical  picture  of  aortic  insufficiency  may  be  said  to  date  from  the 
publication   of   Dominic  Corrigan   in   1832. 


Fio.  201.  —  Sp«^iinen  Mhowins  vegeutionn 
upou  the  aortic  v&Ivi-m.  The  */ row  pointH  to  the 
V«geUtioa. 


PATHOLOGICAL    .\.NATOMY. 

Modern  classifications  of  aortic  insufficiency  difTer  little  from  that  of 
Conigan,  and  we  distinguish^  as  he  did — 

1.  Orjjratiic  forms  of  aortic  insufficiency  due  to  patholo^cal  changes  in  the  valves. 

2.  Funclionul  or  relative  aortic  infiufficicncv  due  to  dilatation  of  the  mouth  of  iho 

aorta  (Fig.  202,  D). 

The  organic  forms  of  aortic  insufficiency  may  be  of  three  types: 

1.  EncJocarciitic,  due  to  the  occurrence  of  inflaminatory  changes  upon  the  Talva» 
UBVtolly  vegetationa,  occagiooaily  to  calcified  atheromatous  plaques  (Fig.  202,  A). 
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2.  Kupture  of  the  valves,  sometimes  from  mechanical  atrain,  sometimes  from  ulcera- 
tion (Fig.  202,  B). 

3.  Sclerotic  shrivelling  of  the  pusijs,  niviually  associated  with  arteriosclerosis  (Fig. 
202,  C),  especially  the  syphilitic  form. 

1.  The  pathology  of  the  endocarditic  lesions  has  been  aufficiently  dis- 
cussed in  a  preceding  chapter  (page  398),  since  they  represent  quit«  typi- 
cal vegetations.  This  form  of  lesion  results  from  the  usual  causes  of 
endocarditis,  especially  rheumatism,  scarlet  fever,  pneumonia,  as  well  as 
gonorrhoeal,  puer|)eral,  septica>niic,  and  other  acute  infections  (see  page 
401).  It  is  the  most  common  form  in  persons  below  thirty-five,  ^vhei'eas 
the  sclerotic  is  more  common  in  later  life. 

2.  R  u  p  tu  r e  of  the  valves  is  one  of  the  less  frequent  but  by  no  means 
rare  occurrences,  and  usually  takes  place  suddenly  during  a  period  of  great 
muscular  strain,  such  as  wrestling,  lifting  a  heavy  weight,  drawing  a  heavy 
burden,  or  even  during  a  bicycle  race  (Iluchtird),  or  else  after  severe  blows 
upon  the  chest  (Osier).  Under  these  circumstances,  as  has  been  seen, 
the  blood-pressure  may  suddenly  rise  to  a  tremendous  height  (see  page  200), 
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Fio.  202.'-*«ch«n»tip.  dbom-mg  the  various  form*  of  lesicm  prtMJucins  aortic  insufficiency.     A.  Vegetation. 
B.  Perforaliou.     C.  Arteriosclerotic  t>lirJiikinK.     D.  Dilatatiou  ot  the  aorta. 

and  the  blood  stream  tears  its  way  through  the  valve  at  the  weakest  point — 
usually  near  the  base  of  the  sinus  of  Valsalva.  The  ruptured  valve  may 
have  an  apparently  normal  structure,  but  probably  contains  minute  areas 
of  degeneration,  since  it  is  impossible  to  rupture  a  normal  valve  experi- 
mentally by  subjecting  it  to  tlie  higliest  pressures  that  are  ever  reached  in 
the  animal  body.  In  many  cases  the  ruptured  valves  show  arteriosclerotic 
changes  which  have  tended  to  weaken  the  tissue.  Where  endocarditic 
changes  are  already  present,  nipture  or  perforation  of  the  valve  takes  place 
spontaneously  and  at  ordinary  or  even  lowered  blood-pressures. 

3.  The  sclerotic  form  is  the  most  common  type  of  the  lesion,  and  is  brought 
about  by  a  progressive  fibrosis  of  the  valve  tissue  in  which  contraction,  thicken- 
ing, calcification,  aneurismal  dilatation  or  perforation  of  the  valve  may  be  pres- 
ent. The  process  is  in  all  the  cHsentiak  similar  to  that  in  mesartjeritis  and  is 
usually  associated  with  the  latter.  Here  also  extensive  vascularization  accom- 
panies the  fibrosis  (Fig.  172),  In  any  individual  case  the  symptoms  depend  upon 
the  size  of  the  leak  a.s  well  as  upon  the  state  of  the  peripheral  vessels  and  heart. 

Although  the  usual  etiological  factors,  old  age,  hard  work,  tobacco,  lead 
poisoning,  nephritis,  etc.,  are  responsible  for  aortic  insufficiency,  one  of  the 
most  frequent  and  most  striking  single  factors  is  sjqjhilis  (Osier).  Citron, 
Collins  and  Sachs,  Longcope,  and  others  have  fountl  positive  Wassermann 
reactions  in  about  half  their  cases,  and  Pearce  (Arch.  Int.  Med.,  1910,  vi, 
478),  who  has  tabulated  the  cases  reported  by  a  number  of  authors,  has  found 
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it  positive  in  85  out  of  207  cases  (41  per  cent.),  while  in  other  valvular  diseases 

it  was  a  little  more  than  half  as  frequent  (23  per  cent.). 

When  the  cases  of  aortic  insufficiency  arising  in  childhood  and  those 
directly  traceable  to  rheumatic  infection  are  excluded,  the  proportion  due 
to  sjT^hilis  looms  a  great  deal  larpjer.  A  certain  number  of  cases,  however, 
are  due  to  the  other  causes  of  arteriosclerosis,  infectious  diseases,  hard  work, 
worry,  heredity,  tobacco,  alcohol,  lead  poisoning. 

Sex.  —  In  women  aortic  insufTiciency  is  far  less  frequent  than  in  men, 
constituting  S.4  per  cent,  of  all  heart  lesions  in  the  former  as  compared  with 
28.5  per  cent,  in  the  latter  ((lillespie). 

Moreover,  as  shown  by  Romberg  and  Hasenfeld,  the  presence  of  aortic 
insufficiency  from  causes  other  thun  sclerosis  in  itself  leads  to  the  produc- 
tion of  general  arteriosclerosis,  and  hence  the  presence  of  any  other  form 
of  the  lesion  predisposes  to  the  superposition  of  sclerosis. 

Functional  Aortic  Insufficiency.— llie  existence  of  leaks  at  a  dilated  aortic  orifice 
■wiw  already  Huspeet*?*!  l>y  ('orriKan,  especially  when  there  was  an  aneuriam  near  the  base  of 
the  asceiKlinp;  arcfi.  Thia  has  been  verified  by  subsequent  ob»er\-ers  and  a  diffusely  dilated 
aorta  with  irii^utRciency  of  the  valves  is  iiol  a  rare  finding.  A&  regartis  the  presence  of  tran- 
sitory leaks  from  dilatation  <  JibHon  has  also  shown  experimentally  that  such  a  dilatn- 
tion  may  occur  as  a  reault  of  too  hijjh  pressure  in  the  excisetl  heart,  and  Stewart  claims  to 
have  produced  it  by  cutting  the  aortic  ring  muscle.  But  since  lransitor>'  aortic  insulficiency 
does  not  often  acconipuny  the  hiph  blood-pressures  of  unemia,  meningitis,  and  brain  tumor^ 
it  is  pnjbitble  that  this  factor  plays  little  r^>le  clinicsilly.  The  caaes  of  supposed  functional 
aortic  insufficiency  are  rare,  but  Anders  has  rejiortetl  a  considerable  number.  In  some  at 
least  it  i»  (xysHiWo  thai  the  phenomena  (diastoHc  murmur,  collapsing  pulse,  ete.)  are  due 
to  other  causes,  csfiecially  functional  puhuonary  insutriciency.  Ca  rd  i  o  p  u  1  m  o  n  a  r  y 
niurmurs,  like  tlitjee  described  by  Potain,  must  also  be  exckided.  However,  the  possi- 
bility  of  functional  aortic  int«ufFiciency  must  be  borne  in  mind  by  the  clinician;  but  it  can 
rarely  be  veritietl,  and  the  clinical  diagnosis  b,  at  best,  hazardous. 


Fio.  203. — Effect  of  aorii(>  insuffioicRcy  m  the  mech&itical  modd.  (After  Marcy.)  The  lionaootAl 
liusahowa  the  point  of  prtnliiction  of  aorlio  iiiBulScieticy.  P.V.,  intraventricular  pre«sur»;  PR,  Art«riid 
prewure;  O,  auricular  ^yvtale.  The  diastolic  preaiiurr  in  the  ventricle  after  aortio  inmifficieticy  ia  canski- 
erably  hicher  than  in  the  normal  condition  and  approximates  the  diaatoUo  preesure  in  Uie  aorta.  The 
wavelet  o',  due  to  contraction  of  the  auricle,  i«  less  marked. 


PATHOLOGICAL    PHYSIOLOGY. 

The  mechaniral  effects  of  aortic  insufficiency  upon  the  circulation  were 
first  studied  experimentally  in  horses  and  dogs,  as  well  as  on  the  mechanical 
modelj  by  Marey  and  Chauveaii. 
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They  produced  the  lesion  by  pushing  a  probe  dowii  one  carotid  ftrtery  and  through  a 
cusp  of  the  aortic  valve,  while  they  registered  the  pulsation  in  the  other  carotid  by  means 
of  a  cannula.  They  were  thus  able  to  reprwUiee  the  phenoinftia  ob^»t^rve<i  clinically, 
especially  the  occurrenne  of  the  mumnirs,  the  violent  beating  of  the  heart  and  arteries, 
anii  the  large  eojlapaing  pulse  which  had  been  described  by  t'orrigan.  They  were  also 
able  to  reproduce  these  phenomena  in  a  inei'lianical  model  of  the  circulatory  system. 

The  ex  ])e  rime  lite  of  Marey  and  Oiauveau  on  animals  have  been  repeated  and  con- 
firmed by  Cuhnheim,  Rosenbach,  de  Jaager,  Komfeld,  Romberg  and  Ilasenfeld,  and  those 
upon  the  model  by  Moritz.  The  subject  was  again  investigated  under  the  writer's  direction 
by  Dr.  H.  A.  Stewart  in  the  Johns  Hopkins  Medical  Clinic.  The  method  employed  by 
Stewart  difTere«J  from  that  of  previous  observers  in  the  fact  that  he  recorded  eiraultaneously 
the  volume  of  the  ventricles,  the  maximal  and  minimal  blootl-preseurcs,  and  the  pulse- 
curve  from  the  carotid  artery.  He  found  in  animals,  as  had  been  shown  by  Marey  ujoon 
the  mechanical  model,  that  the  production  of  aortic    insufficiency    is    at 
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Fio.  204. — Diagram  of  the  circulatioD  ta  aorcic  inoufficiebcy.  Tbn  vertical  black  bun  represent  th« 
volume  of  the  left  veotriric,  the  shaded  purtioiu  repreacoting  the  reniduul  bluud,  the  purtiuiiH  in(lii.-atcd  by 
the  white  arrows  showing  the  amount  ut  bluud  regurgitating,  the  solid  black  indicating  the  systolic  output. 
The  black  arrows  indicate  the  change  in  condition  or  prcasure  that  has  taken  place.  MAX,  M[\\  maxi- 
mal and  minimal  blood-pre»uroa.  The  white  curve  iadicatc.*)  the  abnotutc  aphygmogram  oorreiponding. 
AO,  PA,  RA,  LA  aa  in  previous  diagrama.     (Compare  with  Fig.  26.) 

once  followed  by  a  great  fall  in  pressure  during  diastole,  whieh  is,  at 
!e-ast  in  part,  due  to  the  regurgitaticm  into  the  ventricle.  This  great  fall  in  diiwtolic  pressure 
is  the  most  ehararteristic  feature  of  aortic  inHufficiency. 

The  actual  amount  of  blood  r eg urgit a ti  ng,  both  in  animals  (Stewart) 
and  in  model  exp»!riment8  (Moritz),  is  usually  not  more  than  one- tenth  of  the  total 
forced  out  at  each  systole,  though  MacCallum  has  sometimes  found  larger  quan- 
tities. Simple  cah-uiationa  of  the  pulgt>pres.>'tire  in  Fig.  214  show  that  tliiii  amount  of 
leakage  during  diastole  would  account  ,for  the  low  ditistolic  pressure. 

The  factors  influenciog  leakage  are ;  (1 )  the  size  of  the  hole  in  or  between 
the  valves;  (2)  the  head  of  pressure  in  the  aorta;  (3)  the  length  of  time 
during  which  leakage  occurs. 

Cardiac  Tonicity. — The  experimeota  perftjrrned  by  Stewart  and  the 
writer  indicate  that  the  chief  factor  antagonizing  the  reflux  is  the  elaj^ticity 
of  the  heart  muscle,  or  the  cardiac  tonicity. 

It  is  evident  that,  with  a  given  lesion  and  a  con.stant  heart  rate,  the 
factor  affecting  the  regurgitation  is,  therefore,  the  antugoni^ni  between  the 
height  of  blood -pressure  during  diastole,  on  the  one  hand,  and  the  cardiac 
tonicity,  ori  the  other.  However,  the  pressure  within  the  ventricle  is  not 
ao 
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constant  throughout  diastole,  but  is  continually  increasing;  while  the  pres- 
sure in  the  aorta  is  continually  ctecroasing,  and  the  reflux  will  cease  alto- 
gether at  the  instant  when  pressure  witliin  the  ventricle  +  cardiac  tonicity 
=  pressure  within  the  aorta.  Consequently,  the  lower  the  pressure  in  the 
aorta  (diastolic  pressure)  or  the  higher  the  cardiac  tonicity,  the  earlier  this 
will  occur  and  the  less  wll  be  the  amount  of  blood  regurgitating. 


AORTIC  PRESSmiE . 
INTRA  VENTRICULAR  PRESSURE 

AMOUNT  OF  BLOOD 
REGURGITATING 
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Fia.  205. — I>i&gnun  shuwiog  how  the  high  caniiBC  toaicity  (T  +)  Lafltens  the  equilibriuio  b«tw«<ni  nartie 
preMure,  tntravetitrimd&r  praainire,  and  tonicity,  and  tliua  dimixuahea  theamountof  blood  regurKitatins. 

It  was  found,  however,  that  whenever  this  occurred  the  hearts 
dilated  and  the  animals  died.  Those  animals  which  survived  the  shock  of 
the  operation  were  able  to  increase  their  systolic  output  by  the  amount 
regurgitated,  and  thus  in  spite  of  the  lesion  to  keep  the  maximal  pressure 
at  the  same  height  as  before.  In  these  animals  positive  intraventricular 
pressure  during  diastole  acts  as  a  load  to  the  heart  muscle,  which  responds 
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Fia.  20&. — Effect  of  rupturing  an  aortic  valve  in  a  dog,  showing  a  transitory  dilaUtion  foUowed  by  a 
permanent  diminution  in  aiae.  (After  Stewart.)  C.4/7,  cmrotid;  KOL.,  volume  uf  the  vvntricles.  Down* 
•trolcM  reprenenl  aystole,  upstrokes  diaatole.  Th«^  maximal  blixxi-pre$i!iure  remains  tinchanged  (122  mm. 
Ugh  the  minimal  pressure  fall«  from  fiO  to  45  mm.  Sysitolic  output  is  somewhat  increawd.  o-b  rep«^ 
■enta  die  tonicit>-  of  Uie  ventricles  before  producing  die  leuiuu;  c-d  repreeente  tonicity  after  the  tenion.  A 
repre^enti  the  point  at  which  the  aortic  val\'e  mtoh  ruptureci. 

by  increased  tonicity,  and  fills  somewhat  less  completely  than  it  othen^nse 

would;  .so  that  the  total  volume  of  the  ventricles  after  aortic  in.su fficienry, 
just  as  after  any  other  strain,  may  be  smaller  than  before  it.  In  tlicse  hearts 
total  volume  is  decreased,  systolic  output  increased,  and  residual  blood 
greatly  decreased. 

Romberp  ami  Hasenfeld  (1.  c.)  have  denied:  that  this  increased  tonicity  is  alwajns 
beneficial,  claiming  that  by  inliibittng  the  inflow  from  the  auricle  it  imfxjdes  the  circulation. 
However,  Koriifeld  found  that  the  prcwsure  in  Ibe  left  auricle  is  not  affected  by  experi- 
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mental  aortic  insufficiency  as  long  as  the  strength  of  the  left  ventricle  remains  unimpaired. 
According  to  MacCallum  (Johns  Hopkins  Hoap.  Bull.,  1911,  xxii,  197),  the  noiiriahment 
of  the  myocardium  (and  hence  the  force  of  the  heart)  is  largt^ly  influenced  by  the  general 
blood-pres«iire.    There  is  an  optimum  pressure  for  each  heart. 

As  regards  the  r61e  played  by  tonicity  in  aortic  insufficiency  two  views 
are  held: 

1.  Ronil)ert!;  and  Hasenfcld  claim  that  an  increased  tonicity  hindering 
the  influx  of  bloud  from  the  auricle  is  distinctly  liarmful. 

2.  Stewart  and  the  writer  have  shown  that  the  most  dangerous  event 
in  experimental  aortic  insufficiency  is  overdilation,  and  this  is  antagonized 
by  increase  in  tonicity.  Moreover,  Cloetta  has  found  that  the  iiearts  of 
rabbits  with  experimental  aortic  insufficiency  which  had  l>Ben  treated  with 
digitalis  were  less  dilated  and  were  much  stronger  tlian  those  of  normal 
rabbits.  Almoat  all  the  influences  which  bring  about  increased  systolic 
output  are  the  same  as  produce  increase  in  tonicity.  Fear  of  evil  results 
from  this  cause  seems,  therefore,  quite  unwarranted. 

Blood-pressure. — As  regard^i  blood-pressure,  it  was  found  that  when 
the  ix^ripheral  resistance  was  increa.sed,  as  by  clamping  the  thoracic  aorta, 
the  force  of  the  heart-beat  increased  correspondingly,  and  both  maximal 
and  minimal  (systolic  and  diastolic)  pressures  increased  about  equally 
and  pulse- pressure  remained  high.  With  the  increase  in  diastolic  pressure 
upon  clamping,  the  regurgitation  through  the  orifice  increased  (Fig.  214), 
and,  as  systohc  output  changed  no  furtlier,  the  heart  dilated  considerably, 
showing  that  high  peripheral  pressure  represents  the  condition  which 
produces  the  greatest  embarrassment  of  the  circulation.  With  the  increase 
in  peripheral  pressure,  however,  the  form  of  the  pulse  curve  changed 
from  collapsing  to  flat-topped  and  anacrotic,  a  fact  which  wUl  be  referred 
to  later. 

Rate, — Corrigan  thought  that  if  the  lioart  were  slowed  and  diastole 
were  prolonged  the  heart  would  undergo  great  dilatation,  but  in  the  ex|>eri- 
ments  performed  by  Stewart  and  the  writer  it  can  be  seen  that  this  dilata- 
tion soon  reaches  its  limit,  and  the  voUune  of  the  ventricles  need  not  exceed 
the  normal  volume  for  the  same  rate  (I'lg,  20ti).  This  is  due  to  the  fact 
that,  as  the  aortic  pressure  falls  {luring  a  prolonged  diastole,  it  approaches 
the  intraventricular  pressure.,  and  the  above-mentioned  equilibrium  is 
soon  reached. 

As  a  result  of  experiments  upon  animals,  it  would  appear,  therefore, 
that  the  conditions  most  favorable  to  the  heart  are  low  peripheral  resist- 
ance and  moderately  high  tonicity;  andj,  as  will  appear  later,  therapy  should 
be  directed  toward  this  end. 

Pulmonary  CIrcutation. — As  stated  above,  Kornfeld's  experiments 
show  that  the  aortic  lesion  has  no  effect  upon  the  pulmonary  circulation  as 
long  as  the  left  ventricle  is  acting  powerfully.  When  the  left  ventricle 
begins  to  fail,  pulmonary  stasis  and  rise  in  auricular  pressure  occur  (Korn-. 
feld),  which,  as  Stewart  and  the  writer  have  found,  are  frequently  associated 
with  the  occurrence  of  a  functional  mitral  insufficiency.  Pulmonary  stasia 
in  aortic  insufficiency  is,  therefore,  a  secondary  phenomenon  dependent 
upon  failure  of  the  left  ventricle.  The  clinical  importance  of  this  fact  will 
be  referred  to  subsequently. 
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Hypertrophy. — As  a  result  of  the  increased  strain  upon  the  left  ventricle, 
the  walls  of  this  chamber  undergo  great  hypertrophy.  The  cavity  of  the  left 
ventricle,  owing  to  the  rej^urgitation  during  diastole,  is  often  much  dilated, 
especially  in  the  infrapapillary^  or  aortic  portion  of  the  chamber. 

The  left  auricle,  on  the  other  hand,  is  rarel}'^  hypertrophied.  The  right 
ventricle,  however,  uwuall}''  shows  some  hypertrophy,  resulting  either  frora 
slight  increase  in  pulmonary  pressure  or  from  continuity  of  the  fibres  with 
those  of  the  left  ventricle. 

SYMPTOMS. 

The  symptomatology  of  aortic  insufficiency  differs  considerably  from 
that  of  the  mitral  lesions.  When  the  lesion  is  well  compensated  and  no 
pulmonary  stasis  occurs,  dyspncea  may  not  appear  for  years,  and  in  the 
meantime  the  patient  may  enjoy  excellent  health.  On  the  other  hand, 
he  may  also  be  considerably  annoyed  by  the  throbbing  of  his  arteries, 
headache,  roaring  in  the  ears,  by  loss  of  memory,  by  periods  of  depression 
often  alternating  with  periods  of  great  exhilaration,  by  the  appearance  of 
motes  or  muscle  volitantes  before  the  eyes. 

Hallucinations  of  sight,  especially  that  of  the  veiled  gray  figure,  of  hearing 
(rhythmic  knocking  or  bell-toHing).  uikI  of  smell  are  relatively  common  in  aortic  disease, 
and  are  usually  asijociatcd  with  pain  in  the  precordiiun  or  down  the  arms  and  tenderness 
over  the  upper  left  chest  (Head).  Head  states  that  these  always  disappear 
when   mitral  insufficiency  sets  in. 

There  are  often  pains  over  the  heart,  especially  over  the  base,  and 
down  the  left  arm,  and  typical  attacks  of  definite  angina  pectoris.  These 
eyraptoms  are  especially  common  in  the  sclerotic  forms,  in  the  later  stages 
of  the  disease,  but  may  occur  even  when  the  coronary  arteries  are  unaffected. 
After  the  break  in  comi>ensation,  dyspncea  is  usually  intense,  and  the  patient 
is  compelled  to  ait  up  in  bed,  not  only  on  account  of  shortness  of  breath 
but  also  on  account  of  extreme  palpitation. 

Cheyne-Stokes  respiration  (of  the  cardiac  type)  is  some- 
what more  common  in  aortic  insufficieney  than  in  other  forms  of  cardiac 
disease.  This  is  probably  due  to  lack  of  oxygen  in  the  medulla,  leading  to 
rapid  breathing  and  overventilation  of  the  lungs. 

Sudden  agonizing  attacks  of  cardiac  asthma  are  very 
frequent,  accompanied  by  intense  orthopnoea,  in  which  the  patient  gasps  for 
breath  for  several  minutes  or  even  half  an  hour.  Whether  this  is  brought  on 
by  overfilling  of  the  left  ventricle  and  pulmonary  stasis  or  by  anemia  of  the 
medulla,  or  by  both  factors,  is  still  uncertain.  Sudden  death  may  occur 
during  such  attacks,  and  is  indeed  more  common  in  aortic  insufficiency  than 
in  other  forms  of  valvular  disease.  Both  the  maximal  and  the  minimal 
pressures  may  be  high  up  to  the  instant  of  death,  as  in  one  case  observed 
by  the  writer  in  which  the  biood-pressures  were  150  mm.  Hg  and  110  mm. 
respectively  until  the  instant  when  the  pulse  suddenly  ceased, 

PHYSICAL   EXAMINATION. 

The  appearance  of  persons  suffering  from  aortic  insufficiency  is  usually 
quite  characteristic.  The  eyes  are  bright,  with  conjunctiva*  moist,  the 
pupils  oflen  dilated  and  palpebral  shts  wide,  giving  a  peculiar  staring  ap- 
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pearance  which  sometimes  for  an  instant  suggests  exophthalmic  goitre. 
The  sclerse  are  usually  pale  and  bluish.  The  cheeks  are  somewhat  sunken, 
the  complexion   usually  pale    and   sallow   (aortic  facies). 

One  of  the  features  which  at  once  attracts  the  attention  of  the  observer, 
as  already  the  case  with  Vieussens  in  1715,  is  the  intense  ami  sudden  visi- 
ble pulsation  in  the  arteries,  especially  the  carotids,  temporals,  and 
brachials.  Often  this  pulsation  is  so  great  as  to  shake  the  entire  head, 
even  when  the  patient  is  asleep  (Frankel).  There  is  sometimes  a  visible 
pulsation  of  the  entire  uvula  (F.  Miiller)  and  of  the  arteries  in  the  retina 
(Becker). 

Not  only  the  larger  but  also  the  smaller  arteries  pulsate  visibly,  as 
can  be.  seen  in  the  so-called  capillary  pulse  (Quincke),  the  to-and- 
fro  movement  of  the  red  border  of  an  area  of  hyperBcmic  skin  synchronous 
with  each  pulse-wave.  This  can  be  observed  at  any  place  where  an  area 
of  erythema  borders  upon  an  area  of  pallor,  especially  along  the  margin 
of  an  area  of  skin  which  has  been  caused  to  redden  by  slight  friction,  beneath 
the  finger-nails,  or  in  the  lips  or  gums  when  gently  compressed  with  a  glass 
sljde.  This  appearance  coupled  with  the  presence  of  the  bounding  and 
collapsing  pulse  is  usually  very  typical.  Indeed,  it  is  said  that  Oppolzer 
won  his  professorship  at  Vienna  by  casually  making  a  diagnosis  of  aortic 
insufficiency  while  walking  down  the  wards  of  the  hospital  and  merely 
resting  his  hand  upon  the  dorsum  of  the  patient's  foot. 

However,  Oppolzer  tnipht  readily  have  come  to  prief  had  he  encountered  one  of  those 
not  verj'  rare  cases  in  which  iill  these  phenomena  resuit  from  urteriusclerosis  alone.  Lenn- 
hotf,  V.  WeiHsmayer,  and  Hubcr  have  tenned  these  cases  pseudo-aortic  insuffi- 
ciency. In  these  cases  the  arteries  are  larp;e  and  rigid  and  there  is  a  high  pulse- pressure 
but  no  other  manifestations  of  aortic  insufficiency.  The  whole  phenomenon  is  due  to  a 
high  pulse-pressure  in  rigid  arteries  (page  359). 

The  chest  and  lungs  show  no  abnormalities  until  the  later  stages  of 
the  disease  are  reached  and  pulmonary'  congestion  has  set  in  with  bronchitis, 
pulmonary  cedema,  or  hydrothorax, 

Cardiac  Impulse. — Over  the  heart  there  is  usually  some  bulging  of  the 
chest  wall,  antl  usually  a  well-defined  apex  beat  in  the  fifth  or  sixth  inter- 
space to  the  left  of  the  mammillary  line.  The  impulse  is  systolic  in  time 
and  heaving  in  character  (dome-like,  "choc  en  dome"),  owing  to  the  fact 
that  the  entire  apex  is  usually  made  up  of  the  h^-pertrophied  left  ventricle 
(Bamberger).  In  the  second  right  interspace  there  is  often  another 
systolic  impulse,  caused  by  the  throbbing  aorta,  which  may  lead  to  the 
suspicion  of  aneurism. 

On  palpation  nothing  abnormal  is  noted  except  that  the  second  aortic 
ehock  is  often  lacking.  In  about  40-50  per  cent,  of  the  cases  a  pre- 
systolic thrill  (Thayer)  and  in  15  per  cent,  a  tapping  systohc  shock 
may  be  felt  at  the  apex.  This  is  very  similar  to  that  observed  in  mitral 
steno.si3  but  less  intense,  wliile  in  most  cases  the  impulse  is  strong  and 
heaving.  In  about  16  per  cent,  of  Thayer's  cases  an  actual  mitral  stenosis 
was  present  as  well,  and  this  association  must  always  be  borne  in  mind. 
Systolic  thrills  are  often  felt,  especially  over  the  aortic  area,  caused  by  the 
roughenings  of  the  aortic  valves,  and,  also  over  the  apex  in  cases  where 
mitral  insufficiency  is  present. 
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Percussion  and  X-ray  Shadow,— As  stated  above,  the  cardiac  outline 
in  aortip  insuificiency  shows  a  marked  elongation  of  the  long  axis  (L),  due 
to  the  hypertrophy  and  dilatatitm  of  the  left  ventricle.  Thei-e  is  little 
increase  in  the  transverse  diameter  (Q),  so  that  the  area  of  cardiac  dulnesa 
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FlO.  207. — Area  of  cnrdiur  dulnesa  and  distrihiitioa  dF  the  cardiac  soiindin  and  inurmura  in  aorfao 
iiiRufGcimcy.  Heavy  curved  line,  outline  of  the  h<>art;  heavy  Ptraight.  line,  longitudinal  diameter. 
Parallel  tinm  tDdicate  the  distribution  of  the  aurtic  diaNiolir  munimr.  Rlack  dot  )n<lirat<w  majdmum 
int«neity.  Small  circle  indicates  the  distribution  of  the  presystolic  rumble  tFlint),  Small  diagram  at  the 
left  indicates  the  murmur  heard  in  each  area. 

and  the  X-ray  show  (Figs.  207,  208,  and  209)  the  form  of  a  narrow  elongated 
oval  whose  long  axis  is  inclined  more  obliquely  downward  than  is  that  of 
the  normal  heart.    In  this  way  it  presents  a  marked  antitlicsis  to  the  out- 
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Fig.  208. — Radiograph  of  a  case  of  aortic  in*uf- 
licieno>',  showitig  eloogatiou  of  the  lung  axiri  of  the 
heart.  (KindneM  of  Prof.  C.  >1 .  t^^jper. )  The  plate 
i*  at  the  back  of  the  patient,  the  tube  in  front. 


Fi.i.  2C»9.— DiiiKram  c.f  Fig.  208.  showing  tha 
hypertrophy  of  the  left  ventricle.  The  hrokeo  line 
indicates  the  normal  cardiac  outline;  the  arrorw  indi- 
cal«^  the  direction  of  enlargement;  AO  iiidio«l«a 
tlie  shadow  of  the  dilated  aortic  arch. 


line  of  mitral  stenosis,  in  which  the  oval  is  a  broad  and  rather  short  one, 
and  to  the  broad,  elongated  oval  of  mitral  in.sufficiency.  The  X-ray  shadow 
often  shows  a  marked  dilatation  of  the  aortic  arch,  which  may  correspond 
to  an  area  of  dulne.ss  in  the  second  right  )ntei*space  and  over  the  adjacent 
portions  of  the  sternum,  but  this  can  be  differentiated  from  aneurism  by 
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fluoroscopic  examination  with  oblique  illumination.  Indeed,  examination 
with  the  X-ray  shows  thia  condition  to  be  much  more  frequent  than  had 
previously  been  suspected,  and  discloses  many  cases  of  dilated  aorta  which 
had  previously  I>een  regarded  a.s  true  aneurisms.'  On  the  other  hand,  the 
tremendous  strain  upon  the  vessel  walls  in  aortic  insufficiency  tends  to 
bring  alxjut  the  formation  of  aneurisms,  and  the  latter  is  a  relatively  fre- 
quent complication  of  aortic  insufficiency. 

The  Aortic  Diastolic  Murmur.— The  characteristic  and  almost  pathog- 
nomonic sign  of  aortic  insuffiriency  is  tiie  blowing,  hissing,  or  occasionally 
musical  murnnir  heard  over  the  heart  in  early  diastole.  This  murmur  was 
first  described  by  Hodgkin  in  1829  as  "a  constant  bruit  de  scie, 
which  presented  this  peculiarity,  that  it  was  double,  attending  the  systole 
as  well  lis  the  diastole,"'  However,  it  remained  for  Corrigan  (1832)  to 
recognize  its  diagnostic  significance.  The  murmur  is  caused  by  the  regurgi- 
tant stream  passing  through  the  orifice  between  the  closed  valves,  and  its 
quality,  like  the  noise  made  by  a  jet  of  steam,  depends  upon  the  size  and 
character  of  the  opening  and  the  pressure  in  the  vessel  during  dia.^tole 
rather  than  upon  the  size  of  the  orifice.  Indeed,  a  small  leak  passing 
through  a  narrow  orifice,  especially  with  irregular  an<l  calcifietl  walls,  at 
a  high  diastolic  pressure,  may  cause,  a  much  more  intense  murmur  than 
a  large  leak  through  a  wide  orifice  (cf.  page  176J.  Balfour  even  goes  so  far 
as  to  state  that  when  the  diastolic  murmur  is  loud  over 
the  base  but  not  over  the  carotid  artery  the  regur- 
gitation is  small,  whereas  when  it  is  loud  over  the  arteries  but  not 
heard  over  the  base  the  leak  is  a  large  one.  In  occasional  cases  of  ulcera- 
tive endocarditis  separation  of  an  entire  cusp  may  occur  without  the  pres- 
ence of  the  characteristic  murmur.  Moreover,  it  is  frequently  observed 
that  the  diastolic  nnirmur  is  totally  absent  when  the  heart  is  rapid  and 
weak,  but  reapjiears  as  the  rate  falls  and  (he  force  of  the  beat  increases. 
The  consistency  of  the  valves  also  plays  a  considerable  r61e.  A  rigid  and 
calcified  orifice  forms  a  better  sounding-board  and  gives  rise  to  a  louder 
and  more  roaring  murmur. 

As  to  the  region  in  which  it  is  best  heard,  the  statements  of  different 
authors  vary.  The  following  list  shows  the  region  of  maximum  intensity 
given  by  various  authors: 

V.  Jurgenson Second  riRht  interspace  and  adjacent  portionfl  of 

Btertiuni. 

Gerhardt I^eft  of  sternum. 

Roxnljer^ Second  and  third  left  interspaces. 

Huchard  Third  right  coMtal  cartilage. 

Sihson  Lower  part  of  left  niar^n  of  sternum. 

Broadbeul Stermini  near  origin  of  third  left  costal  cartilage. 

Osier MJdsterimm,   third   costal   cartilage,   or  along   left 

border  of  sternum  as  low  as  ensifomi, 

CK>le  and  Cecil  have  called  attention  to  the  fact  that  in  many  cases  of 
aortic  insufficiency  the  diastolic  murmur  not  only  can  be  heard  but  under- 
goes an  accentuation  as  the  stethoscope  passes  outward  from  the  apex 
into  the  left  a.\illa.    The  writer  can  confirm  this  observation. 


*Aortic  inaufficiency  with  dilatation  of  the  aortic  arch  is  aometi  mes  termed  Hodgson  *e  disease . 
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The  discrepancies  iii  the  statements  of  the  different  observers  may  be  due  to  the 
direction  taken  by  the  regur^taat  stream.  Foster,  BaJfour,  and  Grocco  suggested  that 
this  might  depend  upon  the  aortic  segment  which  Ifiappened  to  be  affected.  It  is  easy  for 
any  one  to  demonstrate  to  hie  own  satisfaction  that  this  view  is  at  least  partially  correct. 
A  calf's  heart  may  be  obtained  from  a  butcher's  shop  and  a  cannula  connected  vnth  a  pres- 
sure bottle  inserted  into  the  aorta.  A  window  is  cut  into  the  left  ventricle,  and  a  hole  is 
then  made  in  one  of  the  aortic  leaflets.  A  regurgitant  stream  issues  from  the  hole,  taking  a 
direction  nearly  f)eri>endiciiJar  to  the  plane  of  tlie  valve.  The  stream  emerging  from  a 
hole  in  the  left  cusp  strikes  the  septum,  that  from  the  posterior  cusp  strikes  the  left  wall 
of  the  ventricle  in  the  \icinity  of  the  a|)ex  or  anterior  papillary  muscle,  while  that  from 
the  right  cunp  strikes  against  the  anterior  cusp  of  the  nu'trul  valve.  Tiie  higher  the  pressure 
under  which  these  Ktreums  puss  the  more  their  direction  is  deflected  toward  the  apex.  Amod- 
erate  change  in  pressure  will  make  a  great  difference  in  the  direction  taken  by  the  stream. 
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Ftci.210, — INrectiooof  the  prinmry  regurgitant  streaiDB  In  aoriie  insufficiency.  (Schflmatie.)  I.  Ro> 
gUTiptant  streams  poAsing  through  orifices  in  tli«  aortic  ^^usp!).  II.  1.  DirMtion  taken  by  a  nlreain  regurci- 
tating  at  low  prwufure;  2,  direction  of  stream  regunnlaling  through  the  wmc  nhfir«  at  high  preunire.  III. 
A.  direetiun  naturally  taken  by  a  ntreant  regurgiLMticig  througli  an  orifice  iu  the  aortic  cuap;  B,  direclioD 
to  wtiioh  the  stream  through  the  aame  urifioe  is  deflected  by  irregularttiee  upon  the  surfaee  of  the  vesetation. 


If  the  orifice  from  which  the  streanv  emerges  is  an  irregidar  one  like  that  at  the  nnargin 
of  a  vegetation,  the  direction  of  the  stream  may  be  totally  deflect^id  from  its  original  course 
(Fig.  210)  and  this  is  probably  the  case  in  most  clinical  conditions.  The  regurgitant  stream 
continues  as  a  well-defined  jet,  whose  sound  w(>uld  naturally  be  loudest  near  the  point 
where  it  strikes  and  which  would  l>e  transmitted  more  or  less  nearly  in  the  direction  of  its 
course.  The  walls  of  the  heartand  the  chorda;  tendinea'aid  in  transmitting  these  murrouTB  for 
some  distance  beyond  their  point  of  impact.  The  corrtMitnesa  of  these  hypot^heaes  has  been 
verified  by  S.  Engh  in  a  series  of  very  careful  ex|>er>menta  done  m  the  pharmacological 
biboratory  of  the  University  of  Mitmesota. 

It  is  evident,  therefore,  that  the  mere  variations  in  the  direction  of 
the  rep:iirjtitant  streams  due  to  the  form  of  the  leak,  the  blootl-pressure, 
and  the  position  of  the  heart  may  give  riye  to  the  greatest  variations  in 
the  point  at  which  the  murmur  is  maxima!,  and  may  account  for  the  dis- 
crepancies in  the  cUnical  findings  of  excellent  observers. 

Murmurs  over  the  Arteries.— Owing  to  the  roughening  of  the  aortic 
valves  and  sometimes  to  the  presence  of  aortic  stenosis,  a  systolic  murmur 
is  also  heard  over  the  aortic  area  and  transmitted  along  the  blood  stream 
to  the  arteries. 

In  the  carotid  and  brachial  arteries  a  diastolic  or  to-and-fro  murmur 
may  also  be  heard.  This  wa.s  described  by  Corrigan  in  1832  and  by  Da 
Costa  Alvarenga  in  18.56,  but  it  is  most  frequently  and  easily  heard  over 
the  femora!  arteries,  where  it  was  first  noticed  by  Bouilhtud  and  described 
by  his  pupil,  Duroziez,  in  1861.  It  is  usually  known  as  Duroziez's 
double  murmur.  The  diastolic  portion  is  probably  due  to  a  slight 
regurgitant  stream  from  the  periphery  toward  the  larger  arteries. 
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Flint's  Presystolic  Rumble. — Another  and  very  important  murmur  is 
fthe  presystolic  rumble  heard  only  at  the  apex  (Flint  murmur),  first  de- 
scribed by  Austin  Flint  in  1862  in  cases  of  aortic  insufficiency  without  any 
mitral    involvement.      This   rumble   is   in 
every   respect    similar  to    that   of   mitral 
stenosis,  and   it   is  extremely  difficult   to 
determine   whether   the   latter  is  absent.        pr. 


VOL. 


ints¥ 


Flo,  211. — Rel&tioa  of  murfnun  in 
aortic  inoufSeieDcy  to  the  cflrdi&o  cycle, 
Pfi..  iDtruvcQtnoular  preHaure;  VOL.,  vol- 
ume <;ur\'«  of  the  ventricles,  1,  aimple 
aortic  «Jiast«jlic  murmur;  2,  Flint  prw«y(»- 
tolie  nimble  ami  nurtic  diastolio  umrtnur; 
3,  presyHtulio  rumble,  diiuitoUo  murmur, 
aud  third  sound;  4.  mitral  and  aortic  in- 
RUlEciency  uiunnurK  replacio^  both  sound* 
(tiui&Uidtiry  murmur). 


Indee<l,  Flint,  in  bis  original  paper,  supposed 
that  the  immnur  was  due  to  the  existence  of  a 
functional  narrowing  of  the  orifice  t>elween  the 
mitral  cusps,  which,  as  Baum^rten  (1S43)  antl 
Hammernjk  had  shown,  was  closed  at.  I  he  beginning 
of  auricular  systole.  Guiterai*  and  Thayer  believe 
that  the  nnimiur  w  (hie  to  the  vibration  of  the  ante- 
rior cusp  of  the  mitral  valve  set  in  motion  by  the 
regiirRitant  streain.  Thayer  and  also  (Jibson  deny 
the  existence  of  such  a  functional  stenosis.  How- 
ever, the  writer  has  liecn  able  to  show  on  the  excised 
heart,  by  the  method  of  Baumgarten  and  Gad.  tha.L 
although  the  mitral  valve  usually  oi)en8  along  itj* 
entire  extent,  yet  when  the  pressure  witliin  the  ven- 
tricle is  increased,  the  separation  of  the  cusps  occurs 
at  only  a  small  fjortion  of  the  line  of  closure  ( Fig,  212). 

An  actual  functional  stenosis  is,  there- 
fore, present  exactly  as  assumed  by  Flint. 
Snapping  First  Sound. — The  first  sound 
at  the  apex  in  IM)  per  cent,  of  the^e  cases 
has  the  snapping  character  present  in  mitral 
stenosis,  but  more  commonly  is  loud  and 

booming.     The  systolic  murmur  transmitted  to  the  left  axilla  is  present 
in  many  cases  in  which  mitral  insufficiency  is  associated. 

Aortic  Second  Sound.— When  there  is  great  destruction  or  great  retrac- 
tion of  the  aortic  cusps  and  they  do  not  ap- 
proximate, the  second  sound  may  completely 
disappear;  but  if  the  edges  are  sclerotic  or 
calcified,  or  covered  with  hard  vegetations, 
the  closure  may  even  cause  an  intensification 
of  the  second  sounds  in  spite  of  the  presence 
of  a  larger  regurgitation. 

Third  Heart  Sound. — Besitles  these  sounds 
Prof.  Thayer  has  called  attention  to  the  ex- 
treme frequency  of  a  loud  third  heart  sound 
(protodiastohc  gallop  rhythm)  in  aortic  insuf- 
ficiency, associated  with  the  protodiastolic 
wave  upon  the  cardiogram.  If,  as  has  been  sug- 
gested by  Hirschfelder,  Gibson,  and  Thayer, 
this  sound  is  due  to  the  closing  snap  in  diastole, 
it  is  quite  natural  that  it  should  be  unusually  loud  in  aortic  insufficiency 
when  the  mitral  valves  are  forcibly  clapped  together  by  the  high  diastolic 
pressure  in  the  ventricle.  It  can  be  readily  shown  on  excised  hearts  that 
the  snap  is  then  more  abrupt  than  under  normal  conditions. 
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Fio.  212. — Fvpclional  mitral  ate- 
Dosl!)  in  aortic  imoifficiency  a»  demon* 
Btrated  an  the  excistKl  heart  by  Baum- 
garten'b  method,    (S«ni-sehcnuitio,) 
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DISEASES 


THE   HEART   AND   AORTA. 


BLOOD-PRESSURE. 

The  blood-pressure  in  patients  with  aortic  insufficiency  presents  the 
same  characteristics  im  in  experimental  animals, — namely,  a  constantly 
high  pulse-pressure.  This  may  be  due  either  to  a  considerable 
fall  in  the  minimal  pressure  (as,  for  example,  maximal  pressure  120.  mini- 
mal .50),  as  is  most  common  in  the  endocarditic  group,  or  to  a  considerable 
rise  in  the  maximal  pressure  with  relatively  little  change  in  the  minimal 
(170  anil  'JO  respectively),  such  as  is  usual  in  the  arteriosclerotic  form. 
Occasionally  one  encounters  cases  in  which  an  aortic  diastolic  murmur 
and  normal  pulse-rate  ui-e  present  with  normal  maxinial  and  ndnimal  pres- 
sures (120  and  00),  but  all  the  experimental  evidence  indicates  that  in 
these  cases  the  leak  must  be  a  small  one,  just  as  is  the  case  in  animal  experi- 
ments when  a  thrombotic  deposit  plugs  the  hole  in  a  punctured  valve 
(see  page  398).  In  such  ciises,  therefore,  there  is  a  definite  lesion  of  the 
aortic  valves,  producing  but  little  leakage  yet  a  well-marked  murmur. 
Any  disturbances  to  the  circulation  in  such  a  case  are  due  to  sclerotic  and 
myocardial  factors  rather  than  to  the  aortic  lesion.  Although  this  class 
of  cases  has  not  been  studied  extensively,  it  seems  probable  that  a  careful 
functional  diagnosis  based  upon  the  blood-pressure  findings  might  prove 
very  useful  for  prognosis. 


■'  ^J  'J  \ 
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Fio.  213.— VanatJono  in  ihe  form  nf  the  puli*-<rave  encountered  ellnically  in  aortic  iusuffideacy.     (Aftet 
Marey.)     i,  ixQtuukl  form;  2,  oolla|>i»ijj«  (Corri«aa).-  3.  4.  6.  6.  anacrotic  pulse. 

PULSE. 

The  typical  pulse  of  aortic  insufficiency  is  ver>'  characteristic,  and 
Bince  the  time  of  Corrigan  has  been  known  as  the  Corrigan  pulse  (water- 
hammer  pulse,  see  page  68).  The  wave  is  large,  with  a  quick  upstroke 
(pulsus   celer  ct   altua)  and  sud«lcn  fall,  leaving  the  artery  quite 
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small  and  soft  during  diastole  (collapsing  pulse).'  In  the  typical  sphygmo- 
gram  these  characteristics  are  very  marked.  The  criterion  for  designat- 
ing a  pulse-tracing  as  collapsing  is  not  the  steepness  of  the  up-and-down 
strokes,  for  these  depend  chiefly  upon  the  speetl  at  which  the  smoked  sur- 
face is  travelling,  but  lies  in  the  fact  that  the  dicrotic  notch  in  the 
collapsing  pulse  falls  below  the  middle  of  the  pulse- 
wave,  while  in  the  normal  and  anacrotic  pulse  it  lies  above  the  middle 
(Mackenzie  and  Broadbent).  Since  Marey  and  Huerthle  have  sho'WTi  that 
the  systolic  period  occupies  the  time  before  the  dicrotic  notch  and  the 
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Fia.  214. — TradnBB  from  a  dog  with  cxpcrimcmUl  aortic  insufficiency,  showing  tlie  conver»ion  of  a 
collapsing  <  A )  into  au  anacrotic  pulse  (B)  by  clainpinfc  the  de^tcendinc  aurtii.  (After  Stewart.)  A,  before; 
B.  after  claropinjc.     The  figuren  on  the  finit  pulse  curvM  imlicate  the  time  from  the  ban*  Ut  Uic  suniuul  of 

I  the  pul»e-wave.     The  hgure^  on  the  second  wave  indicate  maxtiual  and  minimal  prvmurea  in  the  carotid. 

lDown»trokcs  upon  the  vuJume  rune  represent  syetole.     Clamping  the  aorta  catiisee  the  ventricle  to  dilate 

•  tomewhat.  and  to  fiJJ  more  quickly  iu  diastole. 

diastolic  after  it,  it  is  but  a  paraphrase  to  state  that  in  the  collapsing  pulse 
over  half  the  fall  of  pre  ssu  re  occurs  during  sy  at  o  1  e  ,  while 
in  the  normal  pulse  the  fall  occurs  chiefly  during  diastole.  Moreover 
the  volume  cun.'cs  by  Stewart  and  the  writer  have  shown  that  the  collai}se 
occurs  while  the  hlootl  is  still  flowing  out  of  the  ventricle  into  the  aorta, 
and  not  at  the  time  when  the  regurgitation  is  occurring.  On  the  other 
hand,  increasing  the  peripheral  resistance ,  either  by  clamping 
the  descending  aorta  or  by  the  administration  of  adrenalin,  etc.,  which 

'  Corrigan  culled  attenlion  to  the  fact  tlint  elevating  the  ami  cuii!>e(i  the  pulse  to 
have  a  more  cAllaiiJiing  ijuality,  hut  Stewurt  li;t.s  m1»)W1j  lliat  tliis  is  due  to  Iwwteniiig  the 
venous  return  aud  not  to  increased  regurgitation.  It  can  be  prevented  by  slightly  eon- 
stricling  the  arm. 
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caused  an  actual  increase  in  the  amount  of  blood  regur- 
gitated, caused  the  collapsing  form  of  the  pulse-wave  to 
be  replaced  by  one  of  typically  anacrotic  form  (Fig.  214). 
The  pulse-pressure,  however,  remained  high.  Moreover,  the  pulse-tracings 
of  Marcy  (Fig.  213)  showed  almost  all  possible  variations  of  form  to  occur 
in  cases  of  aortic  insufficiency,  and  Stewart  found  that  the  collapsing  pulse 
was  absent  in  42  per  cent,  of  the  tracings  at  the  Johns  Hopkins  Hospital. 
There  is  also  a  certain  number  of  cases  in  which  the  clinicid  note  describes 
the  pulse  as  collapsing,  while  no  such  character  appears  on  the  tracing.  In 
these  cases  there  is  usually  a  large  pulse-pressure,  and  the  discrepancy  is  due 
to  the  fact  that  the  finger  appreciate.s the  amount  of  the  changes  in  pressure 
while  the  sphygmograph  records  mainly  the  suddenness  of  the  change. 
The  cause  of  the  collapsing  character  of  the  pulse  seems  to  be  the  dila- 
tation of  the  peripheral  arteries,  but  the  backflow  into  the  ventricle  during 
diastole  depletes  the  aorta  just  before  the  onset  of  systole  and  this  state 
gives  rise  to  the  very  high  pulse-presaure  and  large  pulse  volume.' 

HasenfeUl  and  Romberg  have  shown  that  these  vessels  become  greatly 
dilated  after  the  lesion  has  been  pro<luceil,  and  Stewart  has  shown  that 
this  is  due  to  a  stimulation  of  the  depressor  nerve  at  the  aortic  ring  which 
the  increase  in  intraventricular  pressure  may  render  continuous.  .4n  entirely 
new  hght  upon  the  collapsing  pulse  ha.s  been  shown  by  the  studies  of  Hewlett 
and  van  Zw:duwenlH;rg  (cf.  page  68)  who  foumi  that  the  preclicrotic  fall  in 
the  normal  and  in  tlie  dicrotic  pulse  is  due  to  actual  reflux  of  blood  from  the 
peripheral  art^eries  to  the  aorta,  and  that  the  collapsing  pulse  of  aortic  insuf- 
ficiency is  due  to  a  similar  reflux  but  occurring  in  a  much  greater  degree. 

It  is  sometimes  thought  that  the  absence  of  a  collapsing 
pulse  in  a  case  of  aortic  insufficiency  indicates  the  presence  of  aortic 
stenosis.     However,   as  not  only  the  above-mentioned  exijeriments  but 

m  a  n  y  autopsy  findings 
demonstrate,  this  is  not 
the  case.  It  merely  indi- 
cates that  there  is  high 
peripheral  resistance, 
which  is  common  in  arte- 
riosclerosis. 

Pulse-rate.— The 
pulse-rate  depends  largely 
upon  the  degree  of  compensation,  being  little  faster  than  normal  in  cases 
without  symptoms,  but  usually  ranging  from  SO  to  120  in  hospital  cases. 
The  pulse-rate  is  usually  regular;  but  when  the  heart/a  action  is  very 
labored^  ventricular  extrasystoles  may  result  from  the  over-distention, 
and  thus  produce  an  irregular  or  a  bigeminal  pulse. 


Fia.215. — Radial  puUe  traolngB  from  patient  (R.O  shawiJig 
extnutyBtolcw  {E)  whic)i  iir«?  probably  of  veutric»il»r  origin.  The 
heavily shAde<i  portion  Tf\<rv^"]iU  the  aystolic period  m  one  (Mirdiac 
cycle.     The  pulse  u  cullapainij;. 


Caae  or  Aortic  iNBtrmciENcr, 

R.  M.  C,  colored  laborer,  aged  46,  enteretl  the  hospital  on  May  20,  1904,  complain' 
ing  of  soreness  and  swelling  of  the  alxloinen  and  shortness  of  breath.  He  has 
always  be«n  healthy  except  for  measles,  mimi^w,  and  whooping-cough  as  a  child,  diph- 

^^__ s 

*■  MacCallum.  in  his  otherwise  excellent  article,  oonfueea  coUapmng  pulae  with  high 
pulse-presaure,  and  thus  vitiates  lus  conclusions. 
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theria  at  21,  and  rhills  and  fevpr.  He  has  had  gonorrhoea  but  denies  Bj'philis. 
He  paflsea  water  once  a  night.  He  haa  worked  hard,  exposed  to  wet  and  cold  and  doing 
heavy  lifting.    Does  not  use  alcohoi  or  tobacco. 

About  two  years  before  admission  he  had  cough,  palpitation,  short- 
ness of  breath  on  exertion,  ami  some  orthopnoea,  of  which  he  was  cured 
at  the  dtspcnsarj'.  The  present  trouble  began  about  two  months  ago,  with  violent 
beating  of  the  heart  and  shortness  of  breath  wliich  were  worse  at  night.  These  symp- 
toms came  on  in  paroxysms,  which  may  be  produced  by  stooping  down.  He  has 
severe  paroxy^^mal  couching  spells.  During  the  past  few  days  his  abdomen  has 
been  swollen  ,   but  his  feet  have  not  been  at  all  so. 

The  patient  is  a  jMH>rly  nourished  inaii,  propped  up  in  bed  without  respiratory  dis- 
tress. There  is  marked  pulsation  visible  in  all  the  large  arteries, 
and  a  to-and-fro  murmur  can  be  elicited  over  them  by  heavy  pressure  with  the 
atethoecope.  The  lungs  are  clear  on  percussion  and  auscultation,  except  for  a  few  coarse 
mucous  ftiles  at  both  bases. 

Heart. — There  is  considerable  pulsation  over  the  precordium,  the  ajiex  being 
located  in  the  seventh  left  inters^pace  18  cm.  from  the  midline.  Dulneas 
extends  upward  to  the  second  left  interspace  and  5  cm.  to  the  right  of  the  midline  in  the 
fourth  iiilerspaoe.  There  is  a  wellHlefined  presystolic  thrill  over  the  apex. 
A  blowing  systolic  murmur  rei>lac<;fi  the  finit  Hounil  and  is  heard  over  the  whole  axilla,  also 
a  sliort  blowing  il  i  a  s  t  o  1  i  c  nuirmur  and  a  short  presystolic  rumble 
(Flint  munuur).  Passing  inward  and  upward  the  souniJs  are  replaced  by  a  loud  to- 
and-fro  murmur,  loudest  over  the  insertion  of  the  fourth  rib  and  scarcely 
heard  to  the  right  of  the  sternum.  In  the  second  right  interspace  the  systolic  mur- 
mur is  very  harsh  and  the  first  sound  is  loudi  the  diastoHc  munuur  is  weE  heard. 
The  p  u  Ts  e  is  of  good  volume,  regular,  markedly  water-hammer  in  charac- 
ter.    Maxima!   bio  in  I- pressure    170  mui.    Hg. 

Abdomen  is  full  ;  the  hepatic  diilness  extends  9  cm.  Ijelow  the  costal  margin  ; 
the  liver  is  soft  and  tender.    There  is  well-marked  oedema  of  the  l^s. 

Red  blood-corpuscles  5.000:000;   hieniogloliin  75  f)er  cent.;   leucocytes  75  per  cent. 

He  was  put  at  rest,  soft  diet,  and  given  1  c.c.  of  tincture  of  digi- 
talis and  strychnine,  1.5  mg.  (gr.  ^\j)  every  four  hours,  and  purged  freely. 
He  immediately  improved.  The  cedema  disapiieared,  and  within  three  weeks  he 
was  up  and  about,  feeling  well,  with  a  puLse-rate  of  80-90  jnn  minute.  He  was 
discharged  on  June  16.  His  shortness  of  breath  and  oedema  returned,  liowever, 
within  a  week,  and  he  re-entered  the  hospital  on  June  2(i  so  dyspnoptc  that 
he  was  scarcely  able  to  speak.  The  signs  were  about  as  befoa*.  He  tlid  not  improve 
as  before,  however,  in  spite  of  treatment,  and  remained  dyspnceic  thnnjghout  the 
month,  subject  to  spelts  of  intense  cardiac  asthma,  so  that  he  was  com- 
pelled to  seek  rehef  by  being  propped  up  continually  in  a  wheel-chair  instead  of 
lying  in  bed.  During  this  perio«J  his  maximal  pressure  remained  high  (150- 
170},  his  minimal  prensure  about  110  (Erlanger  apparatus).  During  the  after- 
noon of  August  1  the  cardiac  authma  waR  particularly  intense.  His  maximal  pressure  was 
15t)  mm.  11^,  the  minimal  110.  Venesection  was  contemplated.  Before  this  cotikl  be 
done,  however,  while  t}»e  patient  was  being  examined  and  perfectly  conscious,  the  maximal 
b  I  o  o  d  -  p  r  e  s  s  u  r  e  suddenly  fell  to  1 10,  the  pulse  stopped  suddenly,  and 
the  patieTit  dropped  back  dead. 

At  autopsy  the  aortic  segments  were  found  to  be  thickened  at 
their  edge«,  and  llie  valve  was  clearly  incompetent.  The  aortic  orifice  meas- 
ured 8.5  cm.  in  circumference,  the  pulmonic  8.5  cm.  The  etlge  of  the  mitral  valA'e  was 
shKhtly  thickened,  the  tricuspid  also;  but  there  was  no  stenoeis  of  either.  The  triciLspid 
orifice,  on  the  contrary,  meaisured  14  cm.  There  was  much  dilatation  and  hy- 
pertrophy of  the  left  ventricle,  the  hciirt  vicighing  760  Gm.  The  coro- 
nary arteries  were  clear.  There  were  numerous  thrombi  along  the  walls  of 
the  right  ventricle.  CorresiKjnditig  to  this  finding  there  were  numerovis  areas  of 
embolism  of  the  branches  of  the  pulmonary  arteries,  evidently  from  the  looae- 
ening  of  such  thrombi.  Along  the  pericardium  there  were  numerous  raised  irregular  pearly 
fibrous  patches.  There  wert?  chronic  passive  congestion  and  oedema  of  the  hmgs.  right- 
sided  hydrothorax,  chronic  passive  congestion  of  the  abdominal  viscera,  and  chronic 
gastritifl. 
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DIAGNOSIS. 

The  diagnosis  of  aortic  insufficiency  usually  presents  little  difficulty. 
The  followiiiji?  ronditiona  may,  however,  give  rise  to  blowing  diastolic  mur- 
nuirs  over  and  neur  the  sternum  which  may  be  mistaken  for  aortic  insuf- 
ficiency (Cabot  and  Locke). 

1.  Dilatation  of  the  aorta. 

2.  Intense  ana>mia. 

3.  Tuberculous  mediastinitia  and  similar  conditions  (murmur  is  cardio- 
respiratorj%  loudest  in  inspiration), 

4.  In  association  with  mitral  disea.se  and  dilatation  of  the  pulmonary- 

artery  (functional  pulmonic  insufficiency). 

These  conditions  are,  as  a  rule,  easily  excluded,  and  do  not  frequently 
obscure  the  diagnosis. 

On  the  other  hand,  as  has  been  seen,  it  is  often  difficult  to  exclude 
comphcations  such  as  mitral  stenosis  in  the  presence  of  a  well-marked 
Flint  murmur,  or  of  aortic  stenosis  when  the  pulse  is  not  collapsing. 

The  dilatation  of  the  aorta,  which  often  follows  as  a  sequela  of  aortic 
insufficiency,  is  frequently  mistaken  for  aneurism.  It  may  be  accompanied 
by  ver>'  marked  pulsation  in  the  second  right  interspace  and  even  of  the  upper 
portion  of  the  sternum,  with  dulness  in  these  regions.  Even  the  X-ray  when 
taken  in  the  anteroposterior  diameter  may  be  ambiguous,  and  oblique  illumi- 
nation may  be  necessary  to  remove  the  suspicion  of  aneurism  (Holzknecht). 

The  existence  of  a  functional  aortic  insufficiency  from  transitory 
dilatation  of  the  aortic  ring  can  only  be  definitely  diagnosed  when  an  aortic 
dia-stolic  murmur  and  an  abnormally  high  pulse-pressure  have  been  present 
and  have  pas.sed  olT.  This  is  indeed  a  rare  occurrence.  Other  complications 
arc  few,  and  are  generally  those  of  arteriosclerosis.  Bronchial  features  may 
be  pre.sent,  as  in  any  other  form  of  cardiac  disease  when  the  pulmonar3' 
comp>enaation  is  broken.  Anginal  attacks  and  coronary  sclerosis  may 
usually  be  regarded  as  a  feature  of  the  sclerotic  form  of  aortic  insufficiency 
rather  than  a  comi>Ucation.  On  the  other  hand,  one  of  the  cases  under  the 
writer's  care  was  very  subject  to  severe  attacks  of  definitely  anginal  charac- 
ter, and  yet  at  autopsy  the  coronary  arteries  were  found  to  be  clear.  It  is 
possible  that  in  such  cases  the  pain  may  be  due  to  either  vasomotor  ischa^mia 
or  ischemia  due  to  the  low  mean  pressure  in  the  coronary  arteries. 


TREATMENT  AND  PROGNOSIS. 

For  purpo.ses  of  prognosis  and  treatment  the  course  of  the  disease 
may  be  divided  into  three  stages. 

1.  Freedom  from  symptoms,  the  left  ventricle  performing 
its  work  perfectly  without  either  dilatation  or  pulmonarj^  stasis.  In  this 
stage  the  high  pulse-pressure,  low  diastolic  pressure,  and  collapsing  pulse 
and  throbbing  arteries  are,  nevertheless,  prominent.  The  only  indication 
is  to  aid  nature  b}'  avoidance  of  overstrain,  overeating,  alcohol,  coffee, 
tobacco,  unhy genie  surroundings,  and  exposure  to  infectious  diseases. 
When  hypertrophy  is  good,  the  lesion  may  persist  for  years  without  pro- 
ducing the  slightest  symptoms. 
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Tliree  years  ago  the  writer  examine*!  a  niedtcal  student  twenty-five  years  old  who 
has  l>e<*ii  iti  perfect  health  since  an  attack  of  rheumatic  endocaniitis  at  the  a^e  of  ten. 
Ill  spite  of  his  lesion  he  has  become  an  athlete,  was  a  member  of  his  class  crt»\v  at  Yale,  and 
excelled  in  long-distance  running;  he  smokes  and  takas  alcohol  in  moderation.  Ca^s 
like  this  may  persist  for  thirty-five  years  or  more  (Osier),  but  manifest  themselves  sooner 
or  later  after  infectious  diseases  or  witti  the  onset  of  the  arteriosclerotic  |)erio<l  of  life. 

In  cases  with  arteriosclerosis,  potassium  iodide,  0.3  Gm,  (gr.  v),  or 
odium  nitrite,  0.2  Gm.  (gr.  iii),  three  times  a  day,  is  advisable,  to  help 
bheck  the  progress  of  the  arteriosclerosis  and  to  keep  down  the  blood-pres- 
sure. Occasional  Nauheim  baths,  warm  salt  baths,  or  even  ordinary  warm 
baths  are  useful  in  promoting  the  vasodilation.  Cardiac  tonicity  must  be 
maintained  at  all  costs  and  dilatation  nnist  be  prevented. 

2.  The  second  stage  is  that  of  dilatation  of  the  left 
ventricle.  This  is  the  stage  when  symptoms  appear,  some  arising 
in  the  sensory  nerves  of  the  ventricle  and  manifesting  themselves  in  the 
forms  described  above — palpitation,  referred  pain,  psychic  disturbances, 
anginal  attacks;  some  arising  in  the  pulmonary  circulation  as  a  result  of 
stasis,  presenting  the  various  forms  of  respiratory  disturbance.  According 
to  Head,  the  stage  of  cardiac  sensation  never  merges  into  the  stage  of  re- 
spiratory distress,  but  disappears  when  the  functional  mitral  iti sufficiency 
and  the  latter  symptoms  set  in.  There  is  a  ''safety- val  ve"  action 
of  the  mitral  valve. 

As  has  been  seen,  the  important  factors  producing  distention  of  the 
ventricle  are  diminution  of  tone  and  high  peripheral  resistance.  Treatment 
should  therefore  be  directed  toward  counteracting  these  conditions.  The 
usual  cardiac  proceilures,  rest,  hght  diet,  free  purgation,  should  be  resorted 
to,  and,  when  improvement  warrants^  the  Xauheim  baths  and  gentle 
exercises  free  from  much  resistance. 

Digitalis  and  the  Nitrites. — The  use  of  digitalis  has  been  much  disputed. 
Corrigan  stated  that  "in  ever>'  case  of  this  disease  in  whicii  digitalis  has 
been  admini-stered  it  has  invariably  aggravated  the  patient's  sufferings." 
Broadbent  believes  that  it  should  be  used  with  caution  and  that  it  may 
even  precipitate  sudden  deaths  but  that  it  is  certainly  indicated  after  mitral 
insufficiency  has  set  in.  Romberg  thinks  it  should  always  be  used  with 
caution.  It  is  probable  that  any  deleterious  projxTty  which  the  drug  may 
possess  lies  in  its  vasoconstrictor  action,  and  hence  from  a  priori  reasons 
it  .should  be  combinetl  with  nitroglycerin  or  other  nitrites,  or  preferably 
strophanthus  substituted.  Intleed,  strophanthus  seems  to  be  the  drug  par 
eicdkrice  in  these  conditions,  but  with  this  drug  it  is  well  to  give  nitro- 
glycerin. The  pharmacological  researches  of  Cameron  demonstrate  that 
the  nitrites  po.ssess  the  two  properties  most  needed  in  aortic  insufficiency, 
— that  of  increasing  tone  and  of  dilating  the  peiiphera)  vessels;  and  the 
writer's  clinical  exp>erience  bears  out  the  view  that,  either  alone  or  with 
strophanthus  or  digitalis,  they  furnish  great  relief  and  are  to  be  strongly 
recommended. 

A  beautiful  series  of  animal  experiments  recently  carried  out  by 
Cloetta  merits  consideration. 

Cloetla  foujid  that  the  administration  of  digitalis  over  prolonged  periods  caused  no 
changes  in  size  and  strength  of  nonnal  rulihit.s'  hearts.  If  aortic  insufficiency  were  pro- 
duced and  the  animals  left  untreut-ed  for  a  year,  their  hearts  hypertrophied  and  gained 
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80  per  cent,  of  their  original  heart  weight,  but  the  animale  lost  in  strength  and  endur- 
ance. If  they  were  treated  with  digitalis  iinmediutely  after  producing  the  lesion,  and  the 
treatment  continued  throughout  the  year,  the  hearta  were  smaller  (hyjjertrophy  30  \)er 
cent.;,  but  the  hearta  were  almost  as  strong  as  those  of  normal  rabbits.  The  aort^is  of 
untreated  animals  had  widened  much  more  than  those  of  the  treated. 

Cloetta  claims  to  have  had  equally  good  results  in  patients  by  early 
and  continuous  treatment  with  digitalis,  but  the  matter  must  be  studied 
upon  a  larger  series  of  cases  before  attaining  general  acceptance.  It  is 
chiefly  applicable  to  early  rheumatic  cases,  though  it  seems  probable  that 
long-continued  admini.=jtration  of  very  small  doses  of  digitalis  (0.3  c.c,  or 
5  minims,  of  the  tincture)  may  exert  this  beneficial  effect  without  pro- 
ducing the  harmful  effects  sometimes  met  wnth. 

For  the  extreme  palpitation  and  anginal  attacks,  little  can  be  done 
beyond  the  administration  of  amyl  nitrite  in  the  latter.  Ice-bags  to  the 
prccordium  are  often  of  value,  as  is  the  Finsen  hght  treatment,  galvanism 
of  the  vagus  (J.  0.  Hirschfelder),  etc.  Stewart  has  found  excellent  results 
after  a  lumbar  puncture,  even  when  the  cerebrospinal  pressure  was  low. 
It  is  not  unhkely  that  acupuncture  over  the  neural  segment  aflBicted  might 
have  the  same  effect. 

3.  The  third  stage  is  the  stage  of  failure  of  the  right  ventricle, 
presenting  the  usual  signs  and  symptoms  except  that  anginal  attacks, 
spasms  of  cardiac  asthma,  and  Cheyne-Stokes  breathing  are  a  little  more 
common  than  in  other  diseases.  In  the  treatment  of  this  condition  the  aortic 
insufficiency  is  more  or  less  disregarded,  digitalis,  purgatives,  and  diuretics 
being  given  quite  freely.  The  administration  of  nitrites  is,  however,  still 
to  be  advised.    Ewart  recommends  CO2  inhalations  (see  page  241). 

"Wliat  can  be  accomplished  occasionally  in  such  cases  is  shown  by  the  case  cited  on 
page  22,  a  fanner,  aged  33  years,  who  came  under  the  writer's  care  m  November,  1903, 
entering  the  hospital  after  a  year's  suffering  with  orthopncea  so  great  that  he  had  been 
compelled  to  sleep  in  a  chair  for  mx  montlis,  and  ojdexna  and  ulceration  of  the  legs,  as 
Bhown  in  Fig.  123.  Under  digitalia  and  free  purgation  improvement  set  in  rapidly,  and  in 
ten  weeks  he  left  the  hoepital  free  from  oedema  and  almost  free  from  dyspnoea.  He  has 
remained  quite  well,  and  has  continued  hia  work  as  a  farmer  during  the  past  five  yean. 

On  ^the  other  hand,  failure  of  compensation  is  usually  a  more  serious 
event  than  in  mitral  insufficiency,  since  the  factors  producing  weakening 
of  the  ventricles  from  over-distention  are  more  intense  and  more  persistent. 
The  writer  has  found  in  several  instances  that  broken  compensation  in 
aortic  insufficiency  is  associated  with  a  high  diastohc  pressure  which  falls 
as  the  case  improves  in  many  cases  shortly  before  death.  It  is  probable 
that  this  is  due  to  asphyxial  vasoconstriction  and  furnishes  another  example 
of  the  vicious  circle : 

{Broken  compensation ] 
Slowed  circulation        >       ^ 
Medullary  asphyxia     Ji 


{Increased  re^urpitation 
Weakening  of  ventricle 


^^         j  Vofioconstriction  ) 

**         I  Increased  peripheral  resistance  ) 


Venesection  is  not  indicated  except  when  there  are  a  considerable 
grade  of  venous  stasis,  high  venous  pressure,  and  dilatation  of  the  right 
auricle;  but  in  the  writer's  experience  its  results  are  then  excellent. 
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In  the  anginal  attacks  and  the  spells  of  dyspnoea  or  for  insomnia,  codeine, 
.03  Gm.  (gr.  |),  or  morphine,  .0075  Gni.  to  .03  Gm.  (gr.  J  to  gr.  i),  hypo- 
dermieally,  may  te  necessary,  but  should  always  be  used  as  sparingly  as 
possible,  since  the  habit  is  readily  formed  and  the  patient  injures  himself 
by  feigning  dyspnoea  in  order  to  get  the  drug.  They  depress  the  respiratory 
centre  and  thus  predispose  to  Cheyne-Stokes  breathing  and  to  cardiac  asthma. 
Atropine  (0.6  to  1  mg.,  gr.  rhi  to  A)  should  hv  given  simultaneously  to  inhibit 
the  effects  of  morphine  upon  the  respiratory  centre. 
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V. 

AORTIC  STENOSIS. 


PATHOLOGICAL   ANATOMY. 

In  a  certain  percentage  of  cases  (10  per  cent.)  in  which  the  aortic  valves 
■  are  diseased,  ihe  cusps  become  fused  into  a  ring  by  which  ihv  orifice  into 
the  aorta  is  narrowed  (aortic  stenosis).    Owing  to  the  force  within  the  ven- 
tricle, this    ring   is   usually    pushed 
upward  into  the  lumen  of  the  aorta 
until  the  orifice  has  a  sort  of  dome- 
shaped   appearance   (Figs.  216  and 
217,  A). 

The  inHammatorv'  or  atheroma- 
tous changes  most  commonly  begin 
in  the  cusps  separately,  and  the 
proceas  extends  until  their  od«<es  be- 
come fused  with  an  organization  or 
atheroma  at  the  Une  of  union.  Oc- 
ca-sionally  there  is  a  progressive 
uniform  diffuse  sclerosis  hke  that 
which  often  occurs  in  mitral  lesions. 
The  condition  almost  always  arises 
from  the  same  conditions  as  aortic 
insufficiency,  but  in  rare  cases  may 
also  be  of  congenital  origin. 

Natiindly   many   of  the  manifestations  depend  upon  the  degree  of 
Btenosis,  whi<'h  is  sometimes  so  extreme  that  a  quill  can  barely  be  passed 

H  r 
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Fio.   210.  —  Sijeciraen     showing    aortic 
Viewed  /row  above. 
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Fio.  217. — Forms  of  steiiuiic  aurUc  orifices.  A.  LAt«nkl  %'iew  of  Ihe  npocinnen  shown  in  Fig.  216.  B. 
h'  Aortic  Bt«uoKis,  wiUi  edgea  uf  cuiipri  flexibly  fixer!  al  ring  .'.howu  by  broken  Une,  but  cupmble  of  move- 
ment indicatod  by  arrows.     C,  «.  Aortic  ttLenoms  with  rigid  cuups. 

through  the  orifice.  On  the  other  hand,  the  orifice  may  be,  relatively  speak- 
ing, wide,  and  the  valves  retain  sufficient  flexibility  to  clo.se  it  during  dias- 
tole, so  that  a  pure    aortic  stenosis  occurs  without  any  insufficiency 
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whatever  (a  condition  present  in  about  60  per  cent,  of  the  cases) .  In  the 
other  40  per  cent,  the  orifice  is  not  only  narrowed  but  the  cusps  are  so 
fused  and  rigid  that  they  do  not  close  the  aortic  orifice  during  diastole, 
and  an  aortic  insufficiency  is  present  along  with  the  ste- 
nosis (double  aortic  lesion). 

OCCURRENCE    AND    ETIOLOGY. 

Aortic  stenosis  is  by  far  the  rarest  of  left-sided  valvular  lesions,  occur- 
ring in  only  5  per  cent,  of  the  1781  Johns  Hopkins  cases  and  in  2,73  per 
cent,  of  Romberg's  cases.  This  is  in  accordance  with  the  experience  of 
most  writers.  Gillespie's  statistics,  in  which  it  was  supposed  to  occur  in 
18  per  cent,  of  all  the  heart  cases  in  the  Edinburgh  Royal  Infirmar3%  are 
unique  and  arouse  the  suspicion  that  the  fault  lay  in  the  diagnosis. 

The  etiological  factors  are  practically  the  same  as  in  aortic  insuffi- 
ciency. Syphilis  and  arteriosclerosis  play  a  relatively  important  r6Ic,  Con- 
genital stenosis  also  occurs  occasionally.  In  rare  cases  there  is  a  double 
stenosis, — one  at  the  aortic  orifice,  and  one  occurring  within  the  ventricle 
by  the  formation  of  a  fibrous  ring  from  the  septum  to  the  anterior  cusp  of 
the  mitral  valve.    The  disease  ia  rare  among  women. 

PATHOLOGICAL    PHYSIOLOGY. 

The  changes  in  the  circulation  due  to  stenosis  of  the  aortic  orifice  were 
very  completely  shown  by  Liideritz  under  the  guidance  of  Prof.  Gad.  Liid- 
eritK  found  that  if  the  aortic  orifice  were  narrowed  by  the  tightening  of  a 
clamj),  the  aortic  blood-pressure  might  or  might  not  fall,  but  the  form  of  the 


c.vit. 


INT. 


Fio.  218.— Carotid  pulse  and  intraventricular  prewure  in  experimental  aortic  stenoras.  (Aftef 
Loderits,  ZtMhr.  f.  klin.  M«d,,  xx.>  |  S(  mark.*  the  point  at  which  aortic  stenoRiRwaa  produced.  Tli*  ciirotid 
pulae  {Car.}  shows  the  gradual  devcl«ipment  of  the  pulsus  tardus,  with  a  folJ  in  blood -preaau re,  while  the 
inlraventriculuf  pressure  (1ST.)  iacrea^ea  trcmemlouely. 


pulse-curve  changed.  The  upstroke  changed  from  sudden  to 
gradual  and  s  1  a  n  t  in  g ,  ending  with  a  broad  rounded  top  whose  sum- 
mit was  reached  near  the  end  of  systole  (pulsus  tardus).  This  form  of 
pulse,  as  will  be  seen,  ia  perfectly  typical  of  aortic  stenosis,  and  furnisher 
the  basis  for  the  diagnosis. 
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Rise  of  I  nU-a ventricular  Pressure. — ^The  pressure  within  the  ventricle,  on  the  other 
hand,  rises  greatly,  often  sm  much  at  100  per  cent.,  without  affecting  the  aortic  prea- 
Bure;  for  ihe  greater  part  of  the  contraction  is  unable  to  force  much  blood  into  the 
aorta.  The  excess  of  intraventricular  over  aortic  pressure  is  therefore  much  greater  than 
in  any  other  condition.  The  conditions  imder  which  the  contraction  takes  place  conform 
more  or  \esa  to  those  for  the  execution  of  an  isometric  contraction,  and  the  curve  of  intra- 
ventricular pressure  come«  to  resemble  that  of  an  isometric  contraction,  the  euminit 
changing  from  flat  to  the  dome-shaped,  as  ia  typical  for  the  latter  (aa  sbovra  by  Frank 
and  by  lluerthle).  That  is,  the  pres- 
sure does  not  at  once  reach  ita  maxi-  NORMAL 
mum,  but  rises  gradually,  coinciding 
quite  well  with  the  rise  of  the  curve 
in  the  aorta.  It  is  the  direct  com- 
munication of  this  progressive  rise  of 
preasure  *o  the  aorta  which  gives  rise 
to  the  pulsus  tardus,  as  well  as  the 
fact  that  the  vohmie  of  blood  flows 
into  the  aorta  more  slowly  than  usual. 
The  duration  of  systole  is  prolonged 
considerably,  seven  to  ten  per  cent. 
in  mild  grades  of  stenosia,  ten  to  fifty 
per  cent,  when  stenosis  is   extreme. 


im- 


^PA- 


When  the  ventricle  is  not 


t^ir^ 


Fia.  219.— Diagram  of  the  ciroulatioa  showing  the 
effect  of  aortic  stenoeis.  The  broken  line  indicatai  the 
intraventricular  preunire.  The  vertical  black  line  iDciioates 
the  volume  of  the  henrt^  the  shaded  portion  representing 
tlic  amount  of  residual  blood.  (Compare  with  Fig.  26.) 


able  to  expel  its  quota  even  by 
the  enrl  of  systole,  extraaystoles 
are  likely  to  occur,  and  this  fre- 
quently assumes  the  form  of 
a  continuous  bigeminal  pulse. 
Such  overfilling  of  the  left  ventricle  naturally  leads  to  stasis  in  the  auricle 
and  pulmonary  vein.s,  with  rise  of  pressure  in  these  parts,  pulmonary  con- 
gestion, cardiac  dyspnoea  (v.  Basch),  oedema  of  the  lungs  (Welch),  and 
secondarily  also  of  the  right  ventricle.  These  in  turn  lead  to  dilatation 
and  hypertrophy  of  the  left  ventricle  and  left  auricle  and  hypertrophy  of 
the  right  ventricle,  which  are  usually  found  to  be  present  at  autopsy. 


SYMPTOMS    AND    CLINICAL    COURSE. 

Aortic  stenosis  is  probably  the  most  chronic  of  all  valvular  lesions,  and 
persists  for  years  without  affecting  the  duration  of  life.  However,  as  soon 
as  the  stenosis  becomes  marked,  so  that  the  left  ventricle  has  difficulty  in 
emptying  itself  completely,  slight  exertion,  excitement,  or  emotion  brings 
on  disagreeable  symptoms,  palpitation,  constriction,  substernal  pain  or 
anginal  attacks,  and  shortness  of  breath.  These  sensory  stimuli  probably 
arise  in  the  dcjiressor  nerve  as  the  result  of  distention  of  the  ventricle,  for 
experiments  of  Sewall  and  Steiner  have  demonstrated  that  distention  has 
this  effect  in  animals.  The  symptoms  at  first  pass  off  when  the  patient 
rests  or  leads  a  quiet  and  hygienic  life,  but  as  the  disease  persists  they 
become  more  frequent  and  persistent.  Sudden  death  is  relatively  common, 
and  is  prohtibly  tlue  to  acute  dilatation. 

Compensation. — Aa  in  mitral  stenosis,  compensation  is  dif- 
ficult. The  left  ventricle  may  by  increasing  its  power  continue  to  drive 
enough  blood  into  the  aorta  to  maintain  the  blood-pressure,  and  even  to 
cause  the  pulse  to  resume  the  normal  form  (Fig.  2*23),  but  this  is  done  at 
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an  enormous  wast^  of  energj'.  which  sooner  or  later  brings  an  heart  failure. 
Moreover,  the  lesion  itself  is  slowly  progressive,  and  this  constantly  increases 
the  difficulty  of  maintaining  the  circulation.  In  the  final  stage  broken 
compensation  sets  in  exactly  as  in  other  advanced  valvular  lesions. 

When  aortic  insufficiency  coexists  the  circulatory  difficulty  is  naturally 
increased,  since  the  ventricle  must  drive  an  even  excessive  amount  of  blood 
into  the  aorta  in  order  to  maintain  the  circulation,  in  spite  of  the  difficulty 
under  which  it  already  labors.  Moreover,  the.se  are  often  the  ca.ses  with  the 
most  advanced  pathological  lesions,  so  that  the  coexistence  of  aortic  insuffi- 
ciency renders  the  prognosis  less  favorable  than  that  of  pure  aortic  stenosis. 


1 


rUVSICAL    EXAMINATION. 

The  most  striking  feature  upon  general  physical  examination  in  aortic 
stenosis  is  the  presence  of  a  well-marked  systolic  thrill  and  bruit  over  the 
larger  arteries.  Over  the  chest  there  is  usually  a  certain  amount  of  pre- 
cordial bulging.  The  apex  impulse  is  sometimes  well  marked  and  heaving, 
situated  tjuite  oulside  the  mammilhiry  line  in  the  fifth  or  sixth  interspace; 
frequently,  however,  it  is  not  visible  nor  palpable.     Between  the  apex  and 

the  sternum  there  is  often  some 
systulic  retraction  of  the  inter- 
spaces frt)m  tbe  contraction  of 
the  hyiK'rlropliied  right  ventri- 
cle. The  left  ventricle  h\7)ertro- 
phtes,  increiisiug  in  size  along  its 
loti^  axis  (obliquely  downward). 
Palpation.  —  Palpation  re- 
vcmIs  a  systolic  thrill  which  is 
usually  very  marked  and  felt 
over  the  whole  heart,  especially 
over  the  aortic  area.  It  is  pres- 
ent in  the  carotid  and  brachial 
arteries,  and  is  transmitted  in 
the  direction  of  the  blood  stream 
(see  page  15tl).  The  intensity 
of  this  thfill  is  often  the  most 
striking  feature  of  all  the  phys- 
ical signs,  anri  may  far  exceed 
that  which  is  founrl  in  any  other 
condition.  The  shock  of  the  first  sound  is  usually  felt,  while  that  of  the 
second  is  often,  though  not  always,  absent. 

Percussion  and  X-ray  examination  reveal  no  fieculiarities  other  than 
an  area  of  cardiac  dulness  enlarged  along  its  longitudinal  axis,  as  in  aortic 
insufficiency;  but,  owing  to  the  presence  of  functional  mitral  insufficiency 
and  dilatation  of  the  conus  arteriosus,  the  area  of  dulness  may  be  higher 
and  broader  than  in  aortic  insufficiency  and  resemble  that  found  in  organic 
mitral  insufficiency. 

Auscultation. — On  auscultation  one  is  immediately  struck  by  the  pres- 
ence of  a  loud  systolic  murmur  most  intense  over  the  aortic 
area,  and    transmitted   thence   to   the   first   right  inter- 


Fio.  220.— Dia«i, 


i  cardiac  outline  and 


distribution  of  the  murmur  in  uorlio  fitej)»«iij<.  The  par- 
allel shading  indicntn!  the  dii^tnhution  of  the  syHtoIic 
murmur  and  thrill;  ihedol  indicates  th«  point  at  which 
they  are  most  inteti!<c. 
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Fig.  221. — Murmur  of  iwrtic  ilenosis.  (After  W«in 
and  Joachim.)  Upper  cun-e.  «i.roti<l  pult*;  middle  curve, 
hitirt  houiiiIm;  lower  cur\'o,  lime;  one  vibration  c^u&l 
to  \hi  second.  Tlie  wcond  wund  i»  practically  nbMQt. 
The  murmur  i«  composed  of  a  creNce'odo  foUowetl  by  u 
deere*c«ndo  character  loude«t  witJi  tlie  upstroke  ou 
Uie  pulae-wavc. 


space  anil  along  the  course  of  the  arteries,  where  it  is, 
a.s  a  rule,  stiU  loud  and  distinct.  It  is  also  heartl  ovrr  the  pulmonic  area, 
body  of  the  heart,  and  over  the  apex,  but  far  less  loudly  than  in  the  aortic 
area  and  the  arteries. 

This  murmur  i^  usually  the  loudest  that  is  heard  in  any  furm  of  valvular 
disease,  anti  is  often  heartl  several  feet  away  from  the  patient.  The  mechan- 
ism of  its  production  exemplifies  perfectly  the  simple  exj>erimeiu  fur  the 
production  of  thrills  and  murmurs  described  on  page  144.  tSincc  it  cannot 
be  produced  until  the  blood 
begins  to  flow  into  the  aorta, 
this  nrurmur  does  not  begin 
until  an  appreciable  in- 
terval after  the  begin- 
ning of  systole  (Boy- 
dssier,  Romberg.  Weiss  and 
achini)  and  follows  the 
first  sound  in  that  region 
as  well  RS  at  the  apex  (Fig. 
221).  Weiss  and  Joachim  have 
recorded  this  nmrnmr  with  their 
^^  phono.scope,  an<l  find  that  it 
^H  &ets  in  with  a  crescendo  char- 
^M  acter  at  the  very  end  of  the  first 
^B  sound.  The  crescendo  continues 
^B  until  the  crest  of  the  carotid  pulse,  after  which  it  changes  to  decrescendo 
^1  throughout  the  rest  of  systole.  The  form  of  the  carotiil  wave  portrays  the 
H  amplitude  of  the  vibrations  and  the  variations  in  loudness  of  the  murmur. 
H  When  mitral  insufficiency  (organic  or  functional)  is  pre.sent,  the  nutral 
^B        murnmr  may  enter  into  or  replace  the  first  sound. 

^1  The  second   sound  may  vary  considerably  in  aortic  insufficiency. 

^B  If  the  valves  are  fused  throughout  their  whole  extent,  it  will  be  entirely 
H  absent ,  but  if  portions  of  the  cusps  remain  freely  movable  their  closure 
H  may  give  rise  to  a  sound.  Owing  to  the  small  excursion,  this  sound  may 
H  not  be  as  loud  as  it  would  }>e  if  no  stenosis  were  present,  but  this  factor 
^B  may  be  more  than  balanced  by  the  presence  of  sclerotic  plaques  and  calcifi- 
^B  cations  whose  concussions  may  actually  render  the  second  sound  louder 
^1        than  normal. 

'  Aortic  8tenosi.s  may  be  said  to  be  the  only  disease  in  which  the  absolute 

diagnosis  is  determinetl  by  the  pulse-tracing.  The  pulse  is  small,  hard 
(high  diastolic  pressure),  and  in  typical  ca^s  rises  and  falls  very  slowly 
(pulsus  tardus).  Like  the  curves  in  experimental  aortic  stenosis  (Fig.  219), 
the  typical  radial  pulse-cur\'e  (Fig.  222)  shows  a  very  oblique  ascent 
which  lasts  throughout  systole,  the  summit  of  the  curve  appearing  just  be- 
fore the  dicrotic  notch.  This  is  produced  by  the  .slow,  gradual,  and  progres- 
sive filling  of  the  arteries  from  the  gradually  increasing  intraventricular 
pressure.  It  may  be  recalled  that  during  the  period  of  the  up-stroke  upon 
the  pulse-wave  blood  is  flowing  into  the  aorta  more  rapidly  than  onward 
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to  tlie  periphery ;  that  during  the  period  of  the  plateau  the  inflow  and  out- 
flow are  equal;  and  during  the  period  of  fall  blood  is  flowing  onward  to  the 
periphery  more  rapidly  than  it  flows  into  the  aorta. 

The  pulse  of  aortic  stenosis,  there- 
fore, reflects  the  true  condition,  that 
blood  is  flowing  into  the  aorta  less 
rapidly  than  usual  and  out  of  it  also 
less  rapidly.  However,  it  must  be 
admitted  that  this  typical  form  of 
pulse  is  rather  rare.  Most  commonly, 
either  the  aortic  stenosis  does  not  reach 
this  stage  without  being  complicated 
by  an  insufficiency  which  changes  the 
pulse  form  or  death  intervenes  before 
these  signs  of  inability  of  the  heart 
to  empty  itself  have  set  in.  Indeed,  many  practitioners  may  pass  through 
long  lives  of  busy  practice  without  encountering  a  single  example  of  aortic 
insufficiency  with  pulsus  tardus.     The  anacrotic  pulse  is  so  much  more 


Flo.  222.— Diftgmm  showing  the  pulauf  tAr- 
iluB  And  the  anacrotic  type.  Solid  line,  pubun 
tardiu,  showing  the  alow  gra<i\ui1  riw;  broken 
|in«  ohowing  the  anaerotic  fomi  with  midden 
Almost  vertical  ri»e  ffunnountwi  by  a  plateau 
wbirh  taktss  up  the  greater  part  of  ^yalcile. 


VII 


Fio.  223. — PuUe  trnringy  from  .  The  heavily  nhwied  curve  reprnienta  the  sys- 

tolic portion  of  the  tracing.     1.  AnacT'  i  tricuspid  inNufficieney  but  no  aortic  BtcnoaU, 

ahowinc  quick  up^tnjke  with  only  the  ^uiIlIml  Moping.  II,  III.  Puliiufk  tardu*  from  a  cam  of  aortic  al«- 
no«»  (L.  S.).  IV,  Tracing  from  a  c^w>c  of  aortic  «itenoni«  and  inmiffidency.  V,  VI,  VII.  Tracioc>  tnxa 
another  ca»e  of  aortic  .•it«noHiH  imd  tu^ufficiency.  V.  Taken  on  Februar>'  28  noon  after  admianou;  symptoms 
of  canliac  weaknewi  well  marked:  tna.\imal  blood-preeeure  130  mm.  Hg.  The  up«trokc  La  gradual  and  •lop- 
ing. \'I.  From  same  patient  on  Marcli  24  aft«r  recovery  from  c»nilac  »>inptoms.  Maximal  prewurc  100. 
The  strong  heart  force?*  hlwMl  rapidly  through  the  stenoud  orifice  and  cauaea  a  middan  upntrttke.  VII. 
Filler  tracing  tAkeii  iminedintdy  after  VI,  with  other  arm  raised.  The  inoreaaed  iwistance  diangoa  th« 
trai'iug  to  a  piiInuA  bisferieni*. 

common  in  aortic  stenosis  that  examples  of  it  are  given  in  many  text-books 
erroneously  hdx'lled  pulsus  tardus.  A  pulse-curve  with  a  sud- 
den perpcntiicular  up-stroke,  however,  is  not  a  pulsus 
tardus,  but  an  anacrotic  puLje,  whatever  may  be  the  form  of  its  summit. 
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It  indicates  that  blood  is  flowing  into  the  aorta  from  the  heart  more  rapidly 
than  it  is  flowing  out  of  the  aorta  toward  the  periphery,  a  condition  which 
occurs  in  aortic  stenosis  only  (1)  when  the  orifice  is  so  slightly  narrowed 
that  the  hypertrophied  left  ventricle  is  able  to  drive  blood  through  it  with 
great  rapidity,  and  (2)  when  the  peripheral  vasoconstriction  is  so  great  that, 
in  spite  of  a  slow  inflow  into  the  aorta,  the  blood  still  enters  the  latter  much 
more  rapidly  than  it  can  leave  it.  The  former  is  the  more  common  condi- 
tion; and  it  would  appear  that  the  hypertrophy  of  the  ventricle  can  usually 
keep  pace  \Fith  the  advancing  stenosis  until  a  very  late  stage  is  reached. 
The  pressure  within  the  ventricle  produced  under  these  conditions  is  prob- 
ably tremendous. 

These  facts  are  well  ill  net,  rated  in  Curves  V,  VI,  VII  (Fig.  223).  The  first  (V)  was 
taken  when  the  patient's  heart  was  weak,  and  the  blood -pressure  shows  a  gradual  up-stroke 
and  is  fairly  tj-pical  of  aortic  stenosis.  The  other  cunea  (VI  and  VII),  taken  after  Wa 
heart  had  improved,  liave  taken  on  the  characters  of  aortic  iuaufliciency  and  have  lost  thoee 
of  aortic  stenosis. 

Arrhythmia. — The  rhjthm  of  the  heart  in  man,  as  in  animal  experi- 
ments, is  frequently  irregular;  small  beats  and  dropped  beats  being 
frequent,  due  to  the  occurrence  of  a  pulsus  allernana  or  to  extrasys- 
tolea  arising  in  the  left  ventricle  when  that  chanilxr  is  unable  to  empty 
itself  sufficiently.  Exercise,  emotion,  or  any  other  form  of  cardiac  over- 
strain, on  the  one  hand,  or  of  cardiac  weakening,  on  the  other,  precipitates 
this  irregularity. 

Blood-pressure.  —  The  blood-pressure  in  aortic  stenosis  in  usually 
sUghtly  elevated  (maximal  pressure  130  to  160  mm.),  due  in  part  to  the 
accompanying  arteriosclerosis,  in  part  to  the  increase  in  the  intraventricular 
pressure,  especially  when  the  heart  hypertrophies. 


DIAGNOSIS. 

In  typical  cases  the  diagnosis  of  aortic  stenosis  is  extremely  simple. 
The  presence  of  slow,  gradual  pulse,  the  pulse-tracings,  the  enlarged  heart, 
the  very  intense  systolic  thrill,  the  thrill  and  murmur  over  the  aortic  ai*ea 
and  arteries,  and  the  absence  or  marked  diminution  of  the  aortic  second 
sound,  present  a  perfectly  characteristic  picture.  In  certain  cases,  however, 
and  especially  when  there  is  arteriosclerosis  or  aortic  insufficiency,  it  may 
become  extremely  difficult  to  decide  whether  a  mild  grade  of  stenosis  is 
present. 

Case  ov  Aortic  Stbnosis. 

Mrs,  L.  8.,  hmiscwife,  aged  58,  entered  the  Johns  Hopkins  Hospital,  April  29,  1904, 
complaining  of  heart  trouble.  She  has  always  l>een  healthy;  Ixsia  had  rro  hifectioua  diseases 
and  never  ha  J  rheumatism,  but  occasionally  has  had  sore  throat.  She  has  occasionally 
had  fainting  npella  and  palpitation  after  nienttd  excitement,  and  during 
the  pfl«t  year  hus  had  to  void  three  or  four  times  a  nifiht.  Except  for  thew  syniptonw  she 
was  quite  well  until  a  year  before  admission,  when  one  ni^ht  after  a  heavy  meal  she  awoke 
with  extreme  dyspmra,  palpitation,  and  a  feeling  of  extreme  weakness.  She  had  no  pain, 
but  fett  considerably  alarmed.  Immediately  after  this  her  feet  became  h  wo  lien 
and  in  spite  of  a  ftojoum  in  Wd  she  l»ecarne  subject  to  attacks  of  extreme  dyspnoea.  The 
oedema  of  the  feet  a  u  b  .h  i  d  e  d  ,  however,  but  reappeared  after  exertion. 

At  the  time  of  examination  the  patient  wtuj  propped  up  in  bed,  i^nth  slight 
dyspnoea.     She  was  fairly  nourished,  pale,  saUow,  lips   very   cyanotic.      Lungs 
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clear  <ni  |?ercu8';ion  and  auscultation,  except  at  both  bases,  where  the  note  is  impaired  and 
the  breath  sounds  are  accompanied  by  crackling  rales. 

Heart.  —  The  apex  impulse  is  barely  visible  in  the  sixth  left  interspace 
13  cm.  from  tlie  midhne,  fn'iu  wtiich  point  dulneas  extends  upward  to  the  third  rib, 
as  well  as  3  cm.  to  the  right  of  the  midline.  There  is  slight  impairment  of  the  percusKion 
note  over  t  he  sternum.  A  soft  s  y  s  t  o  H  c  munnur  is  heard  at  the  aj>ex  and  in  the 
axilla,  lx?oomiiig  hmder,  however,  as  the  stermmi  is  approached,  and  maximal  over 
the  second  right  interspace,  where  it  beconiej<  rough  in  character.  It  ia 
transmit  t  e  d  to  the  carotids  btit  not  to  the  subclavians.  The  second  pul- 
monic sound  is  louder  than  the  second  aortic.  There  is  a  well-marked  thrill 
over  the  base  and  manubrium,  most  marked  in  the  seccdid  right  interspace. 
Shght  puLs-ution  over  the  mimubriiini.  No  tracheal  tug.  The  pulse  is  small, 
negtilar,  KM  per  minute.  The  loft  radial  pulse  is  a  IrlHc  larger  than  the  right.  Tracing 
ghows  a  well-marked  pulsus  tardus  (Fig.  I  and  II).  Bl  o  o  d  -  p  r  e  ss  u  re  150 
m  m .  Hg. 

The  abdomen  is  distended  but  does  not  contain  fluid.    The  legs  are  verj-  oedematous. 

iTine  is  reddish:  specific  gravity  1030;  acid,  and  contains  a  large  number  of 
hyaline   castas. 

Red  bloofJ-corpuficles  5,3tM>,(100;   ha-moglobin  85  per  c^nt.;   leucoc}-tes  10,000. 

During  the  first  week  she  improved  under  rest,  purgation,  and  digi- 
talis; but  on  May  8  had  a  severe  spell  of  dyspnoea  not  controlle«i  by  morphine 
or  nitrt}gly(*rin,  but  somewhat  relieved  by  strycluutie,  3  mg.  (/u  gr.  hy}K).).  During  th* 
aliack  the  aortic  murmur  was  much  less  marked  t  han  it  had  been  before. 
The  canliac  outlines  were  unchanged.  There  wa«  very  slight  development  of  fresh 
rales,  indicative  of  pulmonary  oedema.  After  the  attack  and  the  nitroglyc- 
erin there  was  nnequa]  thlatatiim  of  the  peripheral  venules.  Cheyne-Stokcs  respiration 
develojied  during  the  night.  A  few  p\irpuric  areas  were  seen  over  the  extremi- 
ties and  the  sacrum. 

On  the  next  ilay  she  had  another  attack  of  dyspncea,  after  which  cyanosis  deepened, 
respiration  l>ecame  lalMired.  the  pulse  weakenwl,  and  the  blo4)d-pressure  fell  gradually 
until  the  patient  died  in  tJie  early  evening. 

At  autopsy  the  three  aortic  cusps  were  found  to  l>e  fused  together 
liy  a  calcareous  cement,  leaving  an  orifice  not  more  than  3  mm.  in 
diameter.  The  left  ventricle  was  markeilly  hypertrophic,  the  right 
less  so.  Both  were  dilated.  The  heart  vveighevl  G(K)  (im.  There  were  slight  atheroma  of 
the  aorta  below  the  transverse  arch,  infarction  and  awlenia  of  the  luiigs,  left  hydrothorax^ 
left  pleunU  adhesions,  chronic  passive  congestion  of  the  liver  (nutmeg),  spleen,  ajnd  kid« 
neya;  general  anasarca. 

TRE.\TMENT. 

As  regards  treatment  there  is  little  to  be  said.  Fortimately,  the  dlBeaae 
IS  very  chronic  in  ita  course,  espeeially  when  it.  begins  aft^er  the  period  of 
atlolesfonce  has  passed.  A  quiet  life  under  the  best  possible  hygienic  con- 
ditions, with  avoidance  of  infections,  excitement,  and  all  forms  of  stimulants 
and  overstrain,  usually  serves  to  stave  off  the  onset  of  symptoms  for  many 
years.  When  these  once  appear  in  spite  of  quiet .  the  case  is  practically 
hopeless.  Absolute  rest,  light  tliet,  moderat-e  purgation,  and  lessening  of 
the  j>eripheral  resistance  by  means  of  the  nitrites  and  the  Nauheim  baths 
con.stitute  the  most  important  means  of  treatment.  Digitalis  is  of 
value  until  the  heart  reaches  its  limit  of  hypertrophy,  after  which  it  merely 
precipitates  ovcrAvork  and  irregularity  of  the  heart. 

In  the  acute  attacks  of  acute  heart  failure,  venesection  should  be 
resorted  to  promptly,  in  order  to  lessen  the  residual  blood  in  the  left  ven- 
tricle by  diminishing  the  inflow  into  it. 
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VI. 
PULMONARY  INSUFFICIENCY. 


Insufficiency  of  the  pulmonary  orifice  usually  occurs  either  as  a  con- 
genital lesion  or  as  a  result  of  a  severe  endocarditis  in  which  other  valves 
are  involved.  Even  as  such  it  is  a  very  rare  disease,  only  3  cases  having 
been  seen  among  24^000  admitted  to  the  medical  service  of  the  Johns  Hop- 
kins Hospital. 

Lesions  of  the  pulmonary  valves  had  been  described  by  Morgagni,  but 
the  first  clinical  cases  of  pulmonary  insufficiency  were  described  by  Norman 
Chevers  in  1846,  and  after  him  by  Frerichs,  Benedikt,  Walshe^  and  Stokes. 
Bari^  in  ISUl  was  able  to  collect  detailed  records  of  58  cases  with  24 
autopsies. 

PATHOLOGICAL    ANATOMY. 

The  conditions  leading  to  regurgitation  at  the  pulmonary  orifice  may 
be  divided  into  six  groups: 

L  Congenital  malformations  of  the  valve  resulting  in 
atrophy  and  deformity.  The  presence  of  only  two,  or,  on  the  other  hand, 
of  four  cusps  docs  not  usually  bring  about  any  leakage.  In  this  category 
may  also  be  mentioned  stenosis  of  the  orifice. 

IL  Endocarditic  vegetations  upon  the  valves,  especially 
arising  in  very  acute  attacks  of  endocarditis  with  lesions  of  other  valves. 

I  n .  Arteriosclerotic  changes  in  the  cusps ,  often  associated 
with  dilatation  and  arteriosclerosis  of  the  pulmonary  artery. 

IV.  Aneurisms   of    the    cusps, 

V.  Ruptures  of  the  cusps  during  coughing  or  strain,  especially  of 
cusps  already  diseased. 

VL  Dilatation  of  the  pulmonar>'  artery  and  conus  arteriosus  lead- 
ing to  a  f  u  n  c  t  i  o  Ji  a  I    insufficiency  of  the  valves. 

According  to  many  writers,  especially  Gibson,  a  functional  insuffi- 
ciency of  the  pulmonary  valve  of  more  or  less  transitory  duration  takes 
place  as  a  result  of  dilatation  of  the  artery  and  of  the  right  ventricle. 
This  would  naturally  occur  most  frequently  in  cases  of  mitral  stenosis 
with  broken  pulmonary  compensation,  and  would  account  for  the  blow- 
ing diastolic  murmur  which  is  sometimes  heard  to  the  left  of  the  sternum 
in  these  cases. 

The  experiment.>il  data  upon  this  Bubject  are  more  or  lesa  uncertain,  G.  A.  Gibson  has 
Bbown  upon  t  he  dead  heart  that  the  pulmonary  valves  become  inaufficient  under  much  lower 
preaeure*  than  are  necessuay  to  cause  leaks  at  the  aortic.  He  has  ai*o  shown  that  these 
leaks  can  l>e  prevented  from  occurring  in  the  dead  heart  if  the  pulmonary  orifice  be  pre- 
vented from  dilating  (aa  by  surrounding  it  with  a  string).  His  studies  would  therefore 
lead  one  to  believe  that  such  regurgitations  would  occur  readily  in  hearts  whose  tonicity 
WiJi  diminished  and  in  which  the  fibres  about  the  pulmonary  orifioe  etretched  accordingly. 
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On  the  other  hand  Sollman  haa  shown  in  the  living  excised  cat's  heart  perfused  with  Ringer's 
solution  and  other  salt  mixturea  that  the  pulmonary  orifice  can  withstand  tremendous 
press urw  without  leaking. 

However,  Stokes,  Kolisko,  Bristowe,  Coupland,  Litten,  ChaufFard, 
Gouget  and  Preble,  have  reported  cases  of  relative  pulmonary  insufficiency, 
supported  by  autopsy.  In  all  these  cases  there  was  dilatation  of  the  right 
ventricle,  and  in  three  of  them  a  mitral  lesion  with  pulmonary  stasis.  It 
seems  quite  likely,  moreover,  that  such  a  pulmonary  insufficiency  was 
present  in  cases  W.  H.  (page  504)  and  B.  1.  (page  519),  though  the  water 
test  was  not  applied  to  the  valves  at  autopsy. 
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ETIOLOGICAL    rACTORS. 

Bari<?'a  statistics  collected  from  50  cases  of  organic  pulmonary  insuf- 
ficiency show  that  the  two  sexes  are  affected  with  equal  frequency.  It  was 
found  in  patients  of  all  ages  from  birth  to  75  years,  but  37  out  of  46  cases 
(SO  per  cent-)  occurred  between  the  ages  of  IS  and  34  years.  In  40  per  cent, 
the  disease  was  congenital,  but  in  these  it  never  occurred  as  the  sole  lesion, 
being  usually  associated  with  stenosis.  Rheumatism  was  the  etiological 
factor  in  16  per  cent,  of  the  cases.  Puerperal  infection,  gonorrhoea,  and 
the  other  infectious  diseases  rank  next  in  frequency.  There  is  also  an 
arteriosclerotic  group  due  to 
syphilis,     alcohol,    and     other  normal 

affections  especially  associated 
with  mitral  stenosis  and  scle- 
rosis of  the  pulmonary  artery. 

PATHOLOCXCAL    PHYSIOLOGY. 

Pulmonary  insufficiency 
bears  the  same  relation  to  the 
lesser  circulation  that  aortic 
insufficiency  hears  to  the  sys^ 
temic  circulation.  The  effect 
of  the  leak  is  to  bring  about  a 
lowered  diastolic  pressure  and 
an  increased  pulse -pres- 
sure in  the  pulmonary 
a  r  t  e  r  y  ,  accompanied  by  a 
somewhat  greater  syatofic  out- 
put from  the  right  ventricle  to  compensate  for  the  leak.  The  increased 
intraventricular  pressure  in  the  right  ventricle  during  diastole  gives  rise  to 
hypertrophy  w^hcn  the  strain  is  compensated,  and  dilatation  when  the 
strain  becomes  too  great.  As  a  result  of  this  dilatation,  functional 
insufficiency    of   the   tricuspid   valve  very  readily  seta  in. 

The  results  of  these  fiecoadary  changes  are,  therefore: 

1.  To  slow  the  circulation  through  the  lungs. 

2.  To  cause  a  marked  rise  of  preeaure  and  stasis  in  the  systemic  veins. 

3.  When  this  occurs  less  hlood  enters  the  left  ventricle  than  before.     Tliis  would 
naturally  lead  to  a  fall  in  blood-pressure;  but,  just  us  in  mitral  stenosis,  it  is  compensated 


fA^ 


Fio.  224. — Diagram  of  the  circulation  m  pulmonary 
iiuufficiency.  I.  Normal .  II.  Modefat*  gr^do  of  pul- 
moaio  insufficiency,  showing  a  riiKr*  of  pre«aure  in  the  ay»- 
temic  veioa  and  a  large  puUe  ainpUlude  ia  the  puimooary 
artery.     (Compare  with  Fig.  25.) 
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by  conatriction  of  the  peripheral  vetiaels  and  the  blood- pressure  maintained.    The  vaao*  j 
constriction,  however,  inanifestss  itself  in  the  sniallnesa  of  the  arteries  and  of  the  pulse,  which 
thus  pre.sents  a  strikinu  contrast  to  the  pulse  of  aortic  insufficiency.    The  puise-pretsure 
also  is.  nevor  increased,  as  is  the  rule  in  the  latter  condition. 


SYMPTOMS. 

The  symptoms  and  complirations  are  chiefly  respirator}^  in  origin: 
dyspnoea,   especially   in   intense    ptiroxysms    which  are    brought 
about  by  slight   exertion;  cough  and  brouehitis,  resulting  from  the  poor  ] 
circulation  throuj^h  the  lungs.     The  intense  pulsation  of  the  pulmonary 
vessels  weakens  their  walls  ami  predisposes  to    haemoptysis    and  the  | 
expectoration  of  blood-tinged  sputum.    Phthisis  is  a  common  complication. 

Palpitation  is  sometimes  noted,  i 
.\nginoid  attacks  and  pressure 
at  the  base  of  the  sternum  are 
frequently  met  with;  also  pain  J 
which,  in  contrast  to  that  aris-l 
ing    in    aortic    insufficiency,    is  I 
more  commonly  referred  to  the 
right  shoulder  and  down  the 
right   arm. 

Sudden    death    is   rela-1 
tlvely   common,   sometimes    re-' 
suiting  from  over-distent  ion   of 
the    right    ventricle,   sometimes 
from  embolism   in  the   pulmo- 
nary artery. 


„l-'a«i- 


Vic.  225. — Difiribtition  of  thp  cnuniinr  in  pijjmo- 
nur)'  ifi?\ifli(_*iency.  Tlie  imTallel  i^haiiitig  indicatM  the 
area  over  wliieh  tlie  murtnur  if  hoard.  The  dot  iudicatea 
the  pumt  lit  which  it  \n  lfiude»t;  the  diaigrani  at  the  right 
iuUicaieM  its  piMltion  in  the  cardiac  cycle.  The  diaKnuiin 
over  the  ihatded  area  rvpnwent  the  puleatinTiii.  i.  e.  the 
systolic  impulse  over  the  piihnonary  area  and  the  eyjjtolic 
retraction  over  tJie  right  ventricle. 


PHYSICAL    SIGNS. 


Cyanosis,   as  a  result  of 

the    slowed    circulation    in    the 

lungs,  is  one  of  the  earliest  signs. 

It  is  usually  \'ery  marked  and 

is    liable    to    occur    in    paroxysms.      Signs    of    bronchitis    or    often    of 

l>ronchopneumonia    are   found    in    the    chest. 

Examination  of  the  heart  shows,  as  a  rule,  some  precordial  bulging, 
with  well-marked  pulsation  of  the  conns  arteriosus  in  the  second 
left  interspace,  and  a  systolic  retraction  in  the  third,  fourth,  and  fifth  left 
interspaces  and  epigastrium,  due  to  ihe  vigorous  beating  of  the  right  ven- 
tricle. The  area  of  cardiac  dulncss  is  increivsed  to  tbe  right  in  the  trans- 
verse tliameter,  owing  to  ddatation  of  the  right  auricle.  Very  often  it 
extemis  upwards  in  the  second  left  interspace  as  well  (dilated  conua  arterio-J 
sus),  where  it  exten^rls  "i-b  cm.  to  the  left  of  the  midline.  The  area  'of 
cardiac  flatness  is  increased  to  both  left  and  right,  and  forms  a  scalene 
triangle  extending  to  the  right  border  of  the  sternum.  On  palpation  the 
vigorous  Ideating  of  the  conus  arteriosus  ma}'  l)e  felt  in  the  second  left 
interspace,  also  a  diastolic  or  systolic  and  diastolic  thrill  in  this  region  and 
over  the  right  ventricle.  On  auscultation  the  sounds  at  the  apex  may  l^e 
clear.    The  characteristic  feature  is  the  presence  of  a  very  superficial  dias- 
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tolic  murmur  maximal  over  the  pulmonary  area,  var}ang  from  short  and 
soft  to  loud,  rough  and  hissing  in  character  and  not  infrequently  musical. 
It  is  also  heard  along  the  left  sternal  margin,  but  less  distinctly  over  the 
aorta.  The  difference  is  accentuated  on  coughing.  Owing  to  the  presence 
of  other  lesions  in  the  pulmonary  artery,  there  may  also  be  a  loud  systolic 
murmur  at  the  base,  while  over  the  base  of  the  sternum  a  systolic  mur- 
mur, due  to  the  secontJary  tricuspicl  insufRciency,  may  also  Ije  present. 

The  pulse,  in  contrast  to  aortic  insufficiency,  with  which  this  con- 
dition may  l^e  confounded,  is  small  and  weak;  the  blood-pressure  is  prob- 
ably but  little  affected.  Marked  systolic  pulsation  of  the  veins  and  liver 
(positive  venous  pulse)  is  frequently  present,  due  to  the  secondary  tricus- 
pid insufficiency.  In  the  extremities  cedema  sets  in  readily,  and  there  is 
often  clubbing  of  the  fingers  and  toes  even  in  cases  which  are  not 
congenital. 

The  following  notes  are  taken  from  the  records  of  the  medical  service  of  the  Johna 
Hopkins  Hoypital: 

Case  of  Pttlmonabt  Insufficienxy. 

R.  R.,  a  colored  laborer,  age<l  48,  was  admitted  on  Feb,  8,  19lX>,  complaining  of 
pain  in  the  stomach  ami  chest. 

lie  had  mea^le^  and  whooping-couj^h  as  a  child,  several  attacks  of  tertian  malaria, 
fiyphiHs  in  1897,  rheumatism  in  1899,  and  several  attacks  of  gonorrhoea. 
He  ibies  alcohol  and  tobacco  in  moderation. 

Present  illnesa  began  two  years  ago,  coincident  with  the  onset  of  urethral 
discharge  and  an  attack  of  rheumatism  (gouorrha'al?).  This  caiise<i  him  to 
Bto|>  work.  Since  then  the  rhcmnati-sni  luis  l>ecome  iK^ttcr,  but  he  has  been  troublctl  with 
abort  ness  of  breath   and   pa  i  pi  t  a  t  i  o  n  ,   though  these  are  eiot  very  severe. 

Note  by  Dr.  Henry  Harris  states  ttiat  the  patient  is  a  well-nourishetl  man.  not  dys- 
pnocic  nor  cyanotic.     Lungs  clear  except  for  a  few  moisit  rAles  over  the  upper  fronta. 

Tlie  note  on  liie  lieart  l>y  Dr.  tWer  on  Feb.  10,  1900,  '\s  as  followij:  "Chief 
impulse  is  in  the  fourth  left  interspace  just  at  the  nipple,  also  a  little 
impulse  above.  The  impulse  In  the  second  left  interspace  extends  5-6 
cm,  outside  of  the  left  sternal  border.  No  impulse  in  the  aortic  area;  no 
dilated  veins;  no  visibSe  pulsation  of  the  urterie«.  On  palpation  there  is  no 
thrill.  There  is  not  a  very  large  area  of  caniiae  dulncss.  The  pulse  is  easily  com- 
pres!*e<t  and  not  collapsing.  In  the  fifth  interspace,  at  the  apex,  and  over 
the  aortic  area  the  sounds  are  practically  normal.  In  the  fourth  left 
interspace  and  at  the  nipple  itself  both  sotmds  are  loud.  There  is  a  short,  dislant,  slightly 
rumbling  murmur  before  the  first  sound,  becoming  distinct  on  mo\ing  towards 
the  sternum, 

"At  the  third  interspace  5  cm.  from  the  left  eternal  border  a  short, 
lourl  diastolic  murmur  in  henrtJ,  much  louder  as  the  left  Bternal  border  is 
approacheil,  maximal  at  the  left  sternal  border.  Tlvere  in  also  a  roughness  of 
the  first  sound.  The  diastohc  murmur  disappears  in  the  Btemum,  being  very 
ci  rcu  nipc  r  i  bed.  At  the  second  left  interspace  5  cm.  from  the  left 
sternal  border  the  diastolic  is  louder.  At  the  left  sternal  border  it  has 
a  maximal  intensity.  There  i.H  a  short  systolic,  and  a  loud  somewhat  booming  dia- 
stolic, with  a  rough  somewhat  vibratory  quality.  In  the  first  interspace  the  murmur 
diminishes,  being  just  feebly  heani.  In  the  second  interspace  the  murmur  practically 
abohshes  the  second  sound,  which  is  clearly  heard  at  the  aortic  area. 

"No  thrill  after  walking  about.  No  evidence  of  congenital  heart 
disease. 

"The  condition  is  most  likely  pulmonary  inaufficic. ncy. 
Tliere  is  a  possibility  of  aneurism,  but  firm  pressure  with  the  stethoscope 
far  out  in  the  second  left  interspace  gives  no  sense  of  lifting  and  no  diaatolic 
shock.    There  is  no  tracheal  tugging  and  no  diastolic  shock." 


AORTA. 


DIAGNOSIS. 


The  diagnosis  of  pulmonary  insufficiency  is  rarely  made  during  life. 
The  history  of  ver\'  severe  endocarditis  or  evidence  of  affection  of  several 
vaives  or  of  a  lesion  dating  from  birth  leads  to  the  suspicion  of  right-sided 
valvular  disease.  It  is  always  difficult  to  exclude  aortic  insufficiency  or 
the  presence  of  the  two  lesions  at  once.  The  small  size  of  the  pulse, 
the  absence  of  visible  pulsation  of  the  large  arteries,  the  small  pulse-pres- 
sure, the  marked  pulsation  of  the  conus  arteriosus  [both  against  the  chest 
wall  and  as  shown  by  the  iluoroscope),  the  retraction  of  the  interspaces 
over  the  right  ventricle,  the  increase  in  the  horizontal  diameter  of  dulness 
to  the  right  and  not  to  the  left,  and  especially  the  dulneas  in  the  second 
left  interspace  furnish  the  basis  for  the  diagnosis.  This  is  also  confirmed 
when  there  is  pain  down  the  right  arm  instead  of  the  left.  On  the  other 
hand,  the  congenital  heart  lesions— open  ductus  BotalU,  open  septum 
auriculorum  or  ventriculorum,  etc.— are  venr^  difficult  to  exclude,  and  will 
be  dealt  with  in  connection  with  congenital  heart  diseases. 

The  diagnosis  of  functional  pulmonary  insufficiency  is  based  upon  the 
presence  of  a  transitor>'  diastolic  murmur  along  the  left  sternal  border 
during  periods  of  pulmonary  stasia,  in  the  absence  of  other  signs  of  aortic 
insufficiency.  No  doubt  this  diagnosis  may  sometimes  be  made  correctly 
especially  in  cases  of  mitral  stenosis,  but  it  is  one  of  which  even  Gibson 
cannot  feel  certain  in  any  individual  case, 

TREATMENT, 

Treatment  is  the  usual  procedure  for  cardiac  overstrain  of  any  sort,— 
rest,  light  diet,  purgation >  and  digitalis.  Venesection,  by  relieving  the 
distention  of  the  right  auricle  and  ventricle,  is  particularly  useful,  atrd,  as 
stated  by  Alexander  Morison,  yields  remarkably  good  results  in  this 
condition. 

The  main  hope,  however,  lies  in  bringing  about  the  hypertrophy 
of  the  right  ventricle  and  in  preserving  the  balance  between  the  strength 
of  the  right  ventricle  and  the  strain  put  upon  it.  Symptomatic  treatment 
of  the  bronchitis  and  pulmonarj^  complications  may  do  much  to  relieve 
the  patient. 

Thf  Prognosis  is  bad  when  pulmonary*  stenosis  is  present,  but  in  the 
presence  of  a  pure  insufficiency  depends  greatly  upon  the  condition  of  the 
right  ventricles  and  the  amount  of  cardiac  embarrassment  caused  by  the 
lesion.  As  seen  from  Darin's  cases,  patients  may  reach  the  age  of 
seventy-five  in  spite  of  the  lesion.    These  cases  are,  however,  rare. 
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VII. 
TRICUSPID  lA'SUFFICIENCY. 


ORGANIC   AND  FUNCTIONAL  TRICUSPID   INSUFFICIENCY. 

Insufficiency  of  the  tricuspid  valve  occupies  a  unique  position  among 
the  valvular  lesions.  In  the  functional  form,  due  to  dilatation  of  the  right 
ventricle,  it  is  extremely  common,  and  indeed  probably  occurs  at  some 
stage  in  every  dying  or  failing  heart.  In  the  organic  form,  on  the  other 
hand,  it  is  rare,  occurring  only  IG  times  in  1781  cases  of  valvular  disease  at 
the  Johns  Hopkins  Hospital  (0.IS5  per  cent.)  and  in  less  than  0.7  per  cent. 
of  Gillespie's  cases  at  Edinburgh. 

The  organic  forms  occur  more  frequently  in  severe  or  malignant  endo- 
carditis, as  is  indicated  by  the  fact  that  in  none  of  the  Johns  Hopkins 
cases  was  it  the  only  valve  affected,  mitral  stenosis  being  present  in  10, 
aortic  insufhcicncy  in  7  of  the  cases.  Three  valves,  the  aortic,  mitral,  and 
tricuspid,  were  involverl  in  7  of  these  cases,  the  pulmonary  orifice  once. 
Although  severe  rheumatic  fever  is  perhaps  the  most  frequent  cause, 
streptococcus  and  gonococcus  infections  are  relatively  common  etiological 
factors  (see  Chapter  1),  more  so  than  in  the  milder  valvular  ufTections. 
Occasionally  it  occurs  as  a  congenital  lesion,  the  result  of  endocarditis 
during  fetal  life. 

Anatomically  the  lesions  of  the  tricuspid  valve  exactly  resemble  those 
of  the  mitral,  with  which  they  are  so  frequently  associated,  V>eing  due  to 
vegetations,  thickenings,  ulcerations,  hemorrhages,  and  occasiunally  tumors 
or  malformations  upon  the  valves.     . 

Functional  Tricuspid  Insufficiency,— Our  knowledge  of  function^al  tri- 
cuspid insufficiency  dates  from  the  remarkable  anatomical  and  physiolog- 
ical studies  of  T.  W.  liing  in  1S37. 

King  Btated  Chut  "  the  right  ventricle  is  liable  to  dilatation  and  that  the  dilatation 
deranges  its  valves. 

"Tlie  la«t  proposition  ia  thus  explained.  The  cavity  is  formed  by  the  solid  septum 
of  the  heart  for  its  inner  wall,  and  by  a  thinner,  more  extensive  and  yielding  layer  of  muscle 
for  its  outer  or  right  wall;  wliilst  each  of  theae  walls  affords  |>oints  of  attachment  to  the 
cords  of  the  valvea.  ...  In  the  progress  of  poet-mortetn  examination*,  I  have  found  in 
hearts  thus  dilated,  or  only  greatly  distended  by  the  final  congestion,  thai  upon  injecting 
the  ventricle  by  the  pulmonary  artery  the  tricuspid  curtains  when  stretched  out  were  under 

all  cireumslanceJi  a  jB^reat  deal  too  small  to  cloee  the  opening and  it  ap|)eara  from 

careful  examination  that  (he  united  areas  of  these  val\'ular  (jortioiw  are  scarcely  more  than 
equal  to  the  mean  extent  of  the  oval  opening.  ....  I  have  shonTi  th^it  upon  injecting 
fJuicis  into  the  ventricles  by  their  respective  arteries  (the  semilunar  valves  destroyed)  the 
left  or  bicimpid  valve  (human  heart)  was  always  seen  to  close  completely  and  firmly,  the 
curtains  being  so  extensive  as  to  fold  together  in  the  form  of  a  cone  or  wedge  within  the 
ventricle,  wliijst  (he  tricuspid  valve  was  constantly  found  in  its  ordinary  state  incapable 
of  preventing  a  considerable  reflux.  With  even,'  attempt  to  induce  an  accurate  closure 
of  this  valve,  its  scanty  and  divided  curtains  united  imperfectly  or 
scarcely  met,  and  were   only  sufficient   at   the   best   to  form  a  ptaue 
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equal  to  the  area  of  the  opening. 
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Fig.  220. — The  outlirif  uf  a  uorauU  heart  super- 
posed upon  that  of  a  dilat<<d  heart,  showing  the 
enlargmneDl  of  the  tricuspid  orifioe.  Normal  heart 
mIiuwu  in  light  "luuling,  •litate<l  heort  showii  in 
hlnrk.  tlie  iJiamet«^r  of  the  orificeii  in  white  and 
bla«k  borR.  r«^pct•lively. 


.  .  .  No  position  in  or  out 
or  water,  no  degree  of  gentleness  or  force,  no  state  in  anywise 
natural  to  the  organ  that  I  was  able  to  induce,  would  prevent 
a  considerable  riband-like  stream  of  regurgitation  betweea  the 
ill-ap posed  edges  of  the  valve... 
The  only  possible  means  of  obtaining  a  nice, 
though  weak,  adjustment  of  the  tricuspid 
curtains  was  to  cctmpress  the  ventricle,  and 
by  the  Bame  means  to  lessen  the  extent  of 
the  valvular  aperture.  ...  I  have  twice 
had  ail  opix>rtunity  of  experimenting  on  the 
human  heart  at  the  earliest  i»eriod  that 
propriety  could  admit  of.  In  one  of  the 
ca«es  (of  which  I  have  not  hitherto  spoken), 
after  pjerformtiig  the  ex(.)erimeiit  and  eliciting 
results  similar  to  those  related,  the  heart 
was  set  asi<le,  with  the  expectation  that  its 
tonicity  wouKI  gradually  contract  the 
venlricles  ami  fleshy  pillars,  wiuch  accord- 
ingly occurred.  The  first  trial  of  this  heart 
was  made  with  warm  water,  and  the  fluid 
wa.s  thrown  in  nt  first  gently,  and  after- 
wards pretty  forcibly;  but  the  regui^tation 
at  this  lime  was  always  consiilerabjc.  Now 
ujjon  rei)eating  this  ext)eriment  on  the  ."mme 

heart  wiien  contracted  after  liie  lapse  of  a  few  hours,  the  tricuspid  vah'e  was  still  found 
to  be  much  less  incomplete^  still  in  this  ca.se  there  was  some  refluent  stream.  In  the 
secoml  ca*e,  however,  un<Ier  precisely  similar  circumsiances,  I  obtained  at  least  an 
almost  perfect  val^oilar  action." 

King  also  confirmed  these  observations  by  extended  experiments 
upon  the  hearts  of  a  great  variety  of  mammals  and  birds  during  life  as  well 
as  after  death.  His  experiments  were  repeated  and  substantiated  by  G.  A. 
Gibsjon  in  IS.SO,  who  showed  that  merely  narrowing  the  orifices  by 
con.^tricting  them  with  a  cord  was  sufficient  to  prevent  tlie  reflux.  Fran- 
cois-Franck  in  1.S82  was  able  to  demonatrate  the  production  of  tricuspid 
insufficiency  in  the  hviiig  animal  under  conditions  which  led  to  cardiac 
dilatation,  and  to  demonstrate  its  disappearance  under  digitahs.  The 
frequency  with  which  such  functional  insufficiencies  occur  in  heart  failure 
during  life  was  shown  by  Friedreich,  Mahot,  Riegcl,  Mackenzie,  Hirsch- 
feldcr,  and  a  host  of  other  writers.  In  hcart-s  which  have  been  dilated 
for  a  long  period  there  is  a  considerable  stretching  of  the  valvular  orifice, 
as  was  alr€'ady  noted  by  King.  This  has  lately  bec^n  very  clearly  shown 
by  Keith's  figures  of  the  hearts  of  Mackenzie's  patients,  in  which  the 
stretching  was  so  great  that  the  usual  narrowing  at  the  auriculo ventricular 
opening  had  completely  disappeared  (Fig.  226). 


PATHOLOGICAL   PHYSIOLOGY. 

As  Rosenbach  has  shown,  the  production  of  tricuspid  insufficiency 
has  in  itself  little  effect  upon  the  systemic  circulation.  Blood-pressure 
in  the  arteries  remains  unchanged,  and  there  is  no  characteristic  change 

tin  the  pulse.  In  the  pulmonary  circulation  there  may  be  a  slight  full  of 
pres.sure  as  a  result  of  the  regurgitation.  On  the  other  hand,  this  may  be 
iompensated  by  a  slight  increase  in  the  systolic  output  of  the  right  ventricle 
liiid  no  change  may  occtir. 


500  DISEASES  OF  THE   HEART   AND    AORTA. 

The  principal  effect  of  tricuspid  regurgitation  is 
exerted  upon  the  circulation  in  t  li e  systemic  veins. 
The  blood  thrown  back  into  them  at  each  systole  causes  the  pressure  to 
rise,  so  that  in  such  cases  the  pressure  may  reach  as  high  as  26  cm.  HjO 
(20  mm.  Hg)  (Hooker  and  Eyster).  The  stasis  thus  occurring  also  affects 
the  peripheral  circulation  of  the  limbs  and  body,  giving  rise  to  oedema  and 
ascites;  sta.sis  in  the  kidneys  causing  dimini«hed  exci-etion  of  a  concen- 
trated urine  rich  in  albumen  and  casts,  also  stasis  in  the  medulla  oblongata 
i^'here  the  accumulation  of  GO,  causes  a  general  reflex  vasoconstriction. 
The  secondar>'  effect  of  this  vasoconstriction  is  rise  of  general  blood-pres- 
sure, further  increase  of  the  work  of  the  heart,  and  increased  heart  failure — 
the  vicious  circle  of  asphyxia  (see  page  38). 
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Fia.  227.— ^Diagram  ^howing  tlie  changes  in  the  circulation  in  tricMspid  msuffidency.  Th«»  ai 
show  the  rid*  in  prfsssuri-  in  the  rijtht  fturicle  (HA )  and  vena  cava,  and  the  fall  of  preswurc  in  thr  pulmonary 
vtery  {PA).  The  wbit«  cunes  represent  the  pulse-wavea,  that  above  RA  *ln>wiiig  the  ventricular  t>-po 
of  tbe  venouA  pulae.  (Compare  with  Fig.  3&.) 

Venous  Pulse  in  Tricuspid  Insufficiency. — In  contrast  to  the  normal 

(negative,  presystolic,  diastolic,  "double")  venous  pulse,  the  typical  pulsa- 
tion in  tricuspid  insufficiency  is  synchronous  with  and  of  the  same  frequency 
as  ventricular  systole  (single  venous  pulse)  (Friedreich.  Riegel,  Mackenzie, 
Hirachfekler) .  Since  there  is  a  free  communication  between  auricle  and 
ventricle,  the  jugular  pulse-wave  (Fig.  228)  closely  resem- 
bles the  curve  of  intraventricular  pressure,  with  its 
up-stroke  and  plateau  during  systole  and  its  fall  during  diastole.  In  the 
advanced  stages  the  wave  (a)  due  to  auricular  systole  is  absent,  since  the 
auricles  are  paralyzed  (Mackenzie) . 

Mackenzie  states,  however,  that,  contrary  to  preconceived  notions, ' 
all  cases  with  tncuspid  insufficiency  do  not  necessarily  show  a  positive 
venous  pulse,  and  in  a  number  of  his  cases  which  at  autopsy  showed  both 
organic  and  functional  insufficiencies  the  positive  venous  pulse  was  absent. 
Mackenzie  finds  in  these  cases  that  the  up-stroke  of  the  wave  (r),  which  is 
due  to  stagnation  in  the  ventricle,  begins  earlier  than  usual.  As  the  lesion 
increases,  tliis  wave  (reflux)  begins  sooner  and  sooner  after  the  beginning 
of  systole,  until  finally  it  takes  up  the  entire  systolic  period,  and  the  posi- 
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tive  or  ventricular  type  is  assumed.  These  obBervations  have  been  con- 
firmed in  man  by  Gibson  and  Sewall,  and  in  animals  with  tricuspiii  lesions 
by  J.  Rihl,  who  found  that  as  long  as  the  regurgitation  was  sUght  the 
auricular  tj^pe  of  venous  pulse  persisted,  but  when  it  became  severe  this 
gave  way  to  the  ventricular  type.  As  Sewall  states,  "among  patients  pre- 
senting themselves  for  examination  on  account  of  a  wide  range  of  func- 
tional disorders,  I  liave  been 
struck  with  the  uniformity 
with  which  evidences  of  cardiac 
insufficiency  couhl  be  distin- 
guished, based  upon  the  nature 
of  the  symptoms  and  the  char- 
acter of  the  venous  pulse  .  .  . 
The  V  wave  has  a  <louble  crest; 
or  rather,  the  wave  r,  which 
begius  just  at  the  moment  of 
closure  of  the  aortic  valves,  as 
determined  by  the  (iicrotic 
notch  in  the  lower  tracing,  is 
immediately  preceded  by  a  wave 
which  is  completed  during  the 
last  moments  of  ventricular 
outflow. "  He  believes  that 
this  last-mentioned  wave  (the 
t  wave  of  Bard)  is  produced  by 
a  slight  regurgitation  tlue  to 
weakness  of  the  papillary  mus- 
cles, and   is   indicative  of  such 

regurgitation,  but  he  does  not  take  into  account  the  fact  that  it  may 
I  be  present  without  any  other  signs  of  tricuspid  insufficiency.    On  the  other 
'hand,  as  shown  by  Theopold,  Hewlett,  and  others,  the  positive  venous  pulse 
may  be  present  without  any  regurgitation  at  the  tricuspid. 


i  SEC. 


Fig.  228. — Venous  puL«>«  of  patients  with  tricuspid 
insufficiency  (poMtivo  venou.*  plll^p).  Jl'G  ,  pulMatiou 
over  tlie  juRular  vein;  BHAVH.,  pul;^  in  tlio  brachial 
artery;  c.  miHiient  of  fjuwet  of  the  put^e-wave  in  the 
carotid  artery.  Tlie  tracing  .tliow*  an  elevation  tliruugh- 
uut  systole,  with  a  very  slight  deproMion  (perhaps  due  to 
fling)  immediately  following  the  upstroke.  T}ie  curv« 
curre«pu(uiH  atmoiit  exactly  to  the  curve  of  pressure  in 
the  right  ventricle. 


^•■^/   '\^' 


Fi«i,  22f>. —  Venous  pulw  of  another  patient.  YJD,  right  jugular  puliw;  ACii,  left  carotir]  artery. 
The  alow  Klnnting  upstroke  indicates  a  .^lightly  lei>js  .tiualler  leak  than  in  the  preceding  ca«e.  There  in  no 
fling,  and  hence  no  tnidaystolio  depreuion. 


SYMPTOMS. 


The  condition  of  patients  with  tricuspid  insufTictency  well  illustrates 
the  fact  that  this  is  one  lesion  which  is  not  often  compensated,  though  com- 
pensation can  take  place  through  increased  suction-pump  action  of  the 
right  ventricle.  They  are  usually  markedly  dyspna^ic  or  orthopnoDic.  weak 
ttnd  readily  exhausted  by  the  slightest  effort,  often  drowsy  and  somnolent 


502 


DISEASl 


ITAN 


AORTA. 


Palpitation  may  be  extreme.  One  of  the  early  symptoms  is  pain  in  the 
region  of  the  liver,  from  the  stretching  of  the  capsule.  This  is  often  accom- 
panied by  slight  jaundice;  and  the  appearance  of  an  icteroid  hue  is  one  of 
the  unfavorable  signs  in  tricuspid  insufficiency,  since  it  marks  an  intense 
hepatic  ntiisis.  Gastric  disturbances,  loss  of  appetite,  and  indigestion  are 
the  rule  and  vomiting  is  frequent. 


PHYSICAL    EXAMINATION. 

The  patients  are  usually  quite  pale  and  deeply  cyanotic.  When 
secondary  renal  changes  have  set  in,  the  face  may  be  puffy.  Emaciation 
and  slight  jaundice,  the  result  of  catarrhal  cholangitis  from  stasis  in  the 
portal  system,  are  among  the  most  suggestive  signs  that  tell  the  onset  of 
tricuspid  insufficiency.  The  veins  are  full  and  show  well-marked  pulsation, 
systoUc  in  time  and  synchronous  with  the  carotid  pulse.  There  is  often 
ccdema  of  the  extremities,  genitalia,  anti  back,  and  large  ecchymoses  are 
not  uncommon.  Ascites  and  right-sided  hydrothorax  are  seen  in  the  Ixist 
stages  of  almost  every  case.  Examination  of  the  eye-grounds  usually  shows 
distention  of  the  retinal  veins  (Black).  The  unne  is  usually  scant  and 
concentrated,  and  contains  a  large  amount  of  albumen  and  casts  in  large 
numbers. 

Heart.^The  precordium  often  bulges,  and  the  very-  vigorous  locating 
of  the  hypertrophied  right  ventricle  is  seen  in  the  retraction  of  the  inter- 
spaces between  the  parasternal  line  and  sternal  margin.  In  the  epigastrium 
and  over  the  liver  a  systolic  pulsation  is  seen  and  felt.  Percussion 
shows  a  marked  extension  of  the  cartliac  dulness  to  the  right  of  the  sternum, 
due  to  dilatation  of  the  right  auricle.  It  often  reaches  .S-6  cm.  from  the  mid- 
line, but  the  cardiohepatic  angle  remains  acute.  If  the  left  ventricle  also 
weakens,  dulness  may  extend  to  the  left  of  thf  mammillarj' line.  Character- 
istic of  tricuspid  insufficiency  is  a  murmur  lasting  throughout 
systole,  usually  loudest  over  the  right  vpiitriclc,  in  the  fourth  and  fifth 
left  interspaces  between  the  parasternal  and  the  midline,  and  over  the  ensi- 
form  cartilage.  To  these  areas  it  is  probably  conducted  along  the  papillary 
muscle.  To  the  right  of  the  sternum  the  murmur  is  of  different  character, 
caused  by  the  direct  impact  of  the  regurgitant  stream.  Occiisionally,  as  in 
Case  J.  D.,  this  murmur  cannot  be  heard  when  the  patient  is  lying  on  his 
back  or  even  standing,  but  can  be  elicited  by  causing  him  to  bend  for- 
ward to  an  angle  of  4,5**.  This  does  not  increase  the  accidental  murmur 
which  is  often  heard  over  the  entire  right  ventricle,  nor  does  it  augment 
cardiopulmonary  mm-murs  over  this  area. 

The  murmur  is  often  accompanied  by  a  systolic  thrill  over  the  lower 
sternum  and  neighboring  portions  of  the  chest  wall.  The  distribution  to 
the  right  of  and  behind  the  sternum  corpesponds  to  the  wall  of  the  right 
auricle,  the  chamber  into  which  the  regurgitant  stream  is  conducted  (see 
Figs.  230  and  231).  The  area  to  the  left  of  the  sternum  over  which  the 
murmur  is  loudly  heard  corresponds  to  the  wall  of  the  right  ventricle.  As 
in  mitral  insufficiency,  it  is  difficult  to  explain  the  loud  transmission  of  this 
niurmur  in  a  ilirection  opposite  to  that  of  the  leakage,  but  it  seems  possible 
that  the  vibrations  of  the  valve  may  be  communicated  to  the  ventricular 
w&}}  along  the  tense  chordije  tendinese.    The  murmur  is  rarely  transmitteti 
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Fig.  230. —  Difttrihutinn  of  tljc  ntunniir  and  carrjiac 
outline  in  tricu^pid  in,-<ufficiency.  Tlie  fliade>il  area  indi- 
cBtes  the  region  over  which  the  siystolic  miinnur  is  heard, 
the  diagram  at  t]ie  left  indicates*  ib>  relation  to  the  cardiao 
cycle.  The  heart  is  seen  to  be  enlarged  to  the  right.  The 
Nystolic  pul«iation  of  the  liver  is  indicated  by  the  smaU 
diagram  anej  the  arrows. 


as  far  as  the  pulmonar\'  area,  though  a  systolif  Tnurmur  of  different  origin 
{arcirlental  miirnmr)  is  often  heard  in  the  latter  area  in  cases  with  trifiispid 
in.su fRciency  as  well  as  in  others.  The  trieiuspid  murmur  Ls,  as  a  rule,  not 
transnutt«d  to  the  ajjex.  Most  frequently  in  dilated  hearts  there  is  also  a 
functional  mitral  insufficiency 
coexisting,  and  it  is  this  which 
gives  rise  to  a  systolic  murmur 
at  the  apex  and  in  the  axilla,  but 
this  is  usually  less  superficial 
than  the  tricuspid  murmur  and 
it  can  usually  be  differentiated 
from  the  latter.  Moreover,  { here 
is,  between  the  two  areas  at 
which  each  murmur  has  its 
maximum,  a  zone,  correspond- 
ing to  the  intervenlriuular  sep- 
tum, at  which  both  murmurs 
diminish  in  intjensity. 

As  Hering  and  others  have 
shown,  a  systolic  murmur  is 
nut  heard  in  all  cases  of  tricus- 
pid insufficiency,  especially  in 
those  in  which  the  heart  is  too 
weak  to  give  rise  to  a  loud 
Bountl  or  in  which  the  aperture 

of  leakage  i.s  too  large  to  produce  one  (large  leaks).  Sometimes  the  murmiur 
has  a  musical  character.  Occasional!}",  as  in  Case  W.  H,,  in  which  the  pres- 
ence of  tricuspid  insufficiency  was  tlemonstrated  conclusively  by  venous 
and  liver  tracings  during  life  and  by  autopsy,  peculiar  diastohc  murmurs 

are  henrtl  over  the  right  ventricle, 
especially  along  the  left  sternal  mar- 
gin. They  are  sometimes  blowing  and 
sometimes  rumbling  (mit!-diastolic  in 
character),  and  may  perhwps  be  caused 
by  functional  insufficiency  of  the  pul- 
monic valves  due  to  the  dilatation  of 
the  right  ventricle. 

Organic  murmurs  are  frequently 
rough,  while  those  tlue  to  functional 
insufTiciency  are  usually  soft  ami  blow- 
ing, antl  sometimes  barely  audible. 
Hering  states,  as  the  result  of  pro- 
longed experimental  investigation, 
that  functional  insufBciency  which  gives  rise  to  distinct  murmurs  is 
usually  of  slight  grade,  h\it  when  the  orifice  is  much  dilated  and  the  leak 
is  a  large  one  no  murmur  is  heard.  This  aphony  of  the  valves  corre- 
sponds to  the  condition  described  on  page  176. 

Except  for  the  accompanying  murmur  which  often  replaces  the  first 
sound,  the  cardiac  sounds  are  not  greatly  modified.     The  sounds  at  the 
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base  are  very  considerably  do  pendent  upon  the  pulmonary  and  aortic  pres- 
sures and  on  the  degree  of  arterioacleroais,  and  hence  tlieir  relative  loudness 
varies  considerably. 

Pulse« — The  nidial  pulse  in  tricuspid  insufficiency  is  us?ually  small  and 
weak  and  often  irregular.  The  arrhythmia  usually  assumes  the  character 
of  permanent  absolute  irregularity  (pulsus  irregularis  perpetuus)  (see  page 
118)  and  ia  accompanied  by  paralysis  of  the  auricles. 

Blood-pressure.^The  blood-preasure  is  usually  normal  or  a  little  below 
normal;  but  there  are  no  characteristic  features,  and  secondary  rises  of 
blood-pressure  from  medullary  asphyxia  are  common. 

The  liver  is  usually  enlarged  and  may  extend  far  below  the  costal 
margin  or  even  below  the  umbilicus.  It  is  usually  hard  and  its  edge  smooth, 
and  often  shows  a  distinct  aystohc  pulsation  (Fig.  232). 


I 

SYSTOLIC    PULSATION 


II 

SYSTOLIC   RETRACTION 


B.^ACH' 


Fto.  232. — ^Tracing?  of  liver  pulftatlon.  1*  Systolic  piilsntinn  of  *he  liver  in  tricuspid  infuffipien^y, 
L/r.  tracing  from  the  liver;  BRACK,  tracing  from  the  brachinJ  artery;  b.  pulsft-wnve  m  the  braclual  »r- 
tery;  c and  d  liBve  their  usual  aijpiificance.  The  up.<itroke of  the  arrow  tiidicatc:* a  protrusion,  the  downntroke 
a  retraction.  II.  Systolic  retraction  over  llie  liver  from  a  case  of  roarked  bypertrophy  of  the  right  heart. 
CAR,  tradng  from  the  carotid  artery. 

Ascites  and  oedema  of  varying  grades  may  be  but  are  not 
always  present,  dependent  upon  the  patient's  condition.  "Broken  com- 
pensation" does  not  always  indicate  "tricuspid  insufficiency,"  nor  vice 
■versa, 

C.\SES  OF  TRICUSPID  INSUFFICIENCY. 

Myocarditis  with  Tarctr8Pii>  Ixsi^fficlencv  anu  probably  also  Pulmonart 

Insupf-iciency. 

W.  II.,  colored  driver,  aged  18,  first  admitted  to  the  Johns  Hopkins  Hospital  on  May 
12,  1896.  complaining!:  of  Bweliing  of  the  feet  and  ahortrieHS  of  breuth.  He 
had  always  been  liealthy  except  for  measles  auti  chicken-ix)x  in  chilJUood  atid  malaria  in 
1861.    Goiiorrhcea  at  33  but  no  Uiea.    Drinks  and  srnukt?s  in  mcMienition. 

Present  illness  l>e^!;an  during  the  paat  winter,  with  gradually  deveioping  shortneas 
of  breath,  espectally  t>n  exertion.  After  mich  attacks  the  extremities  wouM  swell  very 
much,    A  few  liays  before  admission  his  testicle  also  began  to  nweU. 

On  examination  by  Dr.  Thayer  at  tliis  time  he  vvaa  foimd  to  be  a  well-formed  Colored 
man,  mucou.<i  membranes  of  gooiJ  color.  LiinKs  clear  except  for  moist  riles  over  the  light 
front.  The  apex  wa-«i  then  in  the  sixth  i  n  t  e  r  .s  p  a  c  e  at  the  m  a  m  m  i  1 1  a  r  y 
line.  The  first  sound  was  feeble,  but  no  murmurs  were  heard.  The  abdomen  was  full; 
liver  and  spleen  not  palpable.  8liplit  oedema  of  the  extremities.  The  cedema  dis- 
appeare<l  imtlcr  r(?st  and  di(?it^lis.  The  patient  pained  in  strength  and  wa*  dischar^^  in 
three  weeks.  He  returned  again  three  years  later,  with  similar  symptoms,  and  »^n 
made  a  ra]iid  recovery.  On  this  admiasion  the  liver  was  felt  by  Dr.  McCrue. 
He  was  treated  in  the  hospital  repeatedly  during  the  next  few  years,  always  presenting 
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about  Ihe  same  clinical  picture.  On  Dec.  9,  1903,  the  apex  was  14.5  cm.  to  the 
left  of  the  midline,  and  Dr.  Thayer  noted  that  the  sounds  were  clear  in  the  tricuspid  area. 
There  was,  liovvever,  a  «oft  dlaNtolic  and  a  niiiihlinff  presystolic  murmur 
beard  over  the  heart  between  the  left  panistertud  line  and  the  sJernal  marpn  (pulmonary 
insuflRiciency).  When  he  first  came  under  the  writer's  care  in  Jnly,  19()4.  during  a  similar 
attack  of  cardiac  failure,  thi8  dia.stoiic  murmur,  and  indee<l  all  the  other  m  u  r  m  u  r  s  , 
luul  disa[j|je.ired,  the  heart  somida  were  very  feeble  and  the  heart  action 
irregular.  As  hi«  comlition  impn:»veil  under  treatment,  the  former  murmur 
reappeared  and  increa«ed  to  about  the 
previous  intensity,  though  heard  only  with  the 
larger  l^eata.  During  the  next  admission  a  few 
months  iater  the  rumble  wjls  flefinitely  midHlia.s- 
tolic  and  x-en.'  rough. 

B]oo<l-proBsuro     during      these     admissions 
•fenged  from  KiO  to  l(ji(>  uun.  llg. 

He  was  reiuliiiitle<l  for  the  last  time  in 
C>clol»er,  liR)5,  the  sounds  beiiig  al>out  us  before, 
the  cedema  somewhat  greater.  There  was  severe 
right-sided  hydro  thorax.  Venous 
tracings  showed  a  positive  venous  pulse  of 
fcthe  ventricular  type,  and  there  was 
systolic  pul.sation  of  the  !  t  ve  r  (t  r  i  c  u  sp  5  d  inau  f  f  icie  ncy)  (Fig.  233). 
The  blf.Kid-pressure  during  this  admission  was  110  mm.,  but  rose  to  130 
mm.    on    the  day   Wfore   death. 

Autopsy  tfhffwed  dilatation  of  the  right  auricle  and  ventricle, 
dilatation  of  the  pulmonary  artery,  marked  sclerosis  of  the  cor- 
onary arteries,  verj'  marked  chronic  fibrous  myocarditis  (cardiosclerosis), 
and  relative  tricuspid  i  n  s  tt  f  f  i  c  i  e  n  c  y  .  There  was  marked  canliac  hyper- 
trophy, the  heart  weigliing  ti2(J  (lin.  There  were  also  chronic  passive  congestion  of  the 
viscera,  cirrhosis  of  the  Uver,  chronic  interstitial  nej>hritis,  chronic  fibrous  pleurisy,  and 
acute  gastritis.  There  were  no  valvular  lesions  and  there  wfis  no  t  ri  cuspid  steno- 
bIb  to  account  for  the  middiastolic  rumble.  It  is  quite  probable  that  there  was  during  life 
a  functional   pulmonary  insuffieiency. 


flu.  ll.l.'i. — S>>t<jUc  pul.salion  of  Uie  liver 
of  patient  W.  H.  Car,,  carotid  arterial 
pulse;  «,  onset  of  ventricular  systole. 


Case  of  Mitral  and  Tricuspid  lN8t;rnciENCY. 

J.  D.,  painter,  aged  69,  came  to  Johns  Hopkins  Dispenfjarj*  complaining  of  swell- 
i  n  g  of  the  limbs.  He  haa  always  been  healthy  except  for  inflammatory  r  h  e  u  - 
m  a  t  i  s  III  off  and  on  during  the  last  twenty  years.  Denies  venereal  disease.  Has  not 
workeil  iluring  the  past  twenty  years. 

lie  has  had  swelling  of  the  feet  and  legs  after  exertion  during  the  past  four  years, 
some  shortness  of  breath,  but  can  always  sleep  without  u  pillow.  His  legs 
and   penis  have  been   s  w  o  1 1  e  n   for   the   past   month. 

The  patient  is  a  well-nourishwl  man,  looking  much  younger  than  he  acutally  is. 
His  color  is  a  trifle  sjillow  hut  not  icterttiii.  Pupils  etjual.  No  glanfJular  enlargement. 
No  lead  line  on  the  gums,  in  spite  of  his  occupation.  The  chest  is  clear  on  [jercussiou 
and  auscultation  except  for  a  few  whecjsjng  rales  at  the  bases. 

Tlie  heart  is  markfdly  enlarged,  dulness  extending  to  the  anterior  ax- 
i  1 1  ar  y  line  in  the  fifth  left  interspace,  alxjve  to  the  middle  of  the  second  left  int-c-rspace 
and  5  cm.  to  the  right  of  the  midline.  At  the  apex  the  first  sound  is 
replacf'd  liy  a  blowing  systolic  mumnir  heard  di.stinctly  throughout  Lj»e  entiir 
left  axilla,  this  diminishes  in  intensity  t^  the  right  of  the  mamniillary  line.  When  the 
patient  is  standing  and  bending  forward  at  an  angle  of  45°,  a  loud 
blowing  systolic  murmur  of  different  character  in  heanl  over  the  entire  tri- 
cuspid area,  but  this  is  not  evident  in  anj'  other  position.  In  the  pulmonic  urea 
thero  ifi  a  loud  blowing  mesosystohc  murmur,  also  heard  in  the  second  right  interspace, 
but  not  transmitted  to  the  carotid  arteries.  The  heart's  action  is  wjtnewliat  irregular; 
the  jugular  veins  are  distemie*!  but  do  not  pulsate;  the  venous  presHurc,  as  shown 
by  ( I  a  e  r  t  n  e  r  '  »  method,  is  high.  (The  veins  of  the  back  of  the  hand  and  wrist 
do  not  empty  until  the  Imud  is  about  20  cm.  above  the  level  of  the  heart.) 
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The  liver  is  not  palpable.  There  ia  little  if  any  fluid  in  the  abdominal  cavity.  The 
ecrotum  and  ^>enis  are  markedly  cedeniatoiis,  aa  are  also  the  legs  and  tliighs. 

The  patient  entered  the  hospital,  where  he  died  of  heart  failure  a  few  days  later. 

DIAGNOSIS. 

The  absolute  diagnosis  of  tricuspid  insufficiency  depends  upon  the 
presence  of  a  dilatation  of  the  right  auricle  (increased  dulness  to  the  right), 
a  systolic  murmur  loudest  at  unci  about  the  base  of  the  sternum,  a  positive 
venous  pulse  of  the  ventricular  type,  and  an  enlarged  liver  with  systolic 
pulsation. 

As  has  been  seen  above,  these  features  are  not  always  present.  Hering  has  summed 
up  the  whole  question  in  the  following  conclusions: 

1.  A  large  tricuspid  insufficiency  may  give  no  murmur,  but  small  regurgitations 
usually  give  distinct  murmurs. 

2,  A  small  tricuspid  regurgitation  may  cause  no  change  in  the  venous  pulse,  but  a 
large  leakage  gives  rise  to  a  positive  venous  pulse  of  the  ventricular  type.    Hence, 

I.  Loud  murmur -I- auricular  (presystolic,  diastolic,  double,  physiolugical)  venoua 
pulse  =  slight  tricuspid  regurgitation. 

II.  No  murmur  +  positive  ventricular  venous  pulse + systolic  pulsation  of  Uver« 
severe  tricuspid  regurgitation, 

TREATMENT. 

Fran^ois-Franck  showed,  in  his  experiments  upon  functional  tricuspid 
insufficiency,  that  the  axlministration  of  digitali-s  caused  the  signs  of  insuffi- 
ciency to  disappear.  This  is  in  perfect  harmony  with  the  clinical  experience 
that  "broken  compensation"  (and  tricuspid  insufficiency)  is  in  general 
the  signal  for  digitalis,  and  the  administration  of  this  drug  furnishes  the 
main  therapeutic  measure.  Absolute  rest  is  necessary  for  prolonged  i^eriods; 
but  after  the  tricuspid  insufficiency  has  persisted  for  months  in  spite  of  it, 
it  is  useless  to  reduce  the  patient  to  a  permanently  bedridden  condition 
in  the  hope  of  final  recoverj\  It  is  better  to  render  his  life  as  pleasant  as 
possible  under  the  contlitions,  to  let  him  sit  up  and  move  (juietly  about  the 
house,  go  driving,  or  indulge  in  other  plea.sant  diversions  which  do  not 
entail  exercise,  effort,  or  excitement.  It  must  not  be  forgotten  that  worry 
and  nervousness  bring  on  palpitation  and  cartliac  overstrain  almost  as 
readily  as  does  exercise;  and,  conversely,  mental  diversion  and  cheerfulness 
assist  in  re-establishing  conditions  favorable  fur  cardiac  recovery.  The 
important  feature  in  this  phase  in  the  management  of  the  ease  is  the  avoid- 
ance of  dyspncta.  The  simple  methods  of  counting  between  steps  on  a 
staircase  or  of  taking  for  one's  gait  one  step  for  each  inspiration  may  give 
the  patient  considerable  latitude  for  accomplishment  without  strain  or 
injury. 

Diet  .shotdd  always  be  light,  partly  to  avoid  the  strain  on  the  heart, 
partly  on  account  of  the  disordered  tligestion,  gastritis,  and  catarrhal 
jaundice,  which  are  entailed  by  portal  stasis. 

The  bowels  should  be  kept  open  with"  saline  purgatives  and  several 
movements  a  day  should  be  secured. 

In  stages  of  acute  heart  failure  when  the  venous  pressure  is  high  and 
the  right  auricle  much  distended,  venesection  should  be  resorted 
to  promptly  and  continued  until  the  right  border  of  the  heart  has  receded. 
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In  such  cases  digitalis  should  l>e  administered  in  the  large  do«es  recommended 
by  Cary  Eggleston  (see  page  257),  or  at  least  in  the  somewhat  smaller  doses 
(50  minims  of  the  tineture)  administered  by  J.  0.  Htrschfekler,  Intravenous 
injections  of  strophanthin  gr,  A  (1  mg.)  may  also  be  used. 
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VIII. 
TRICUSPID  STENOSIS. 

OCCURRENCE    AND    ETIOLOGY, 

Stenosis  of  the  tricuspid  orifice  belongs  to  the  rarer  valvular  lesions, 
and  also  to  the  group  which  rarely  occurs  alone.  In  the  24,000  cases  which 
have  been  admitted  to  the  Medical  Service  of  the  Johns  Hopkins  Hospital 
tricuspid  stenosis  has  been  found  in  only  seven  cases,  in  all  of  which  other 
lesions  were  present.  W.  W.  Herrick  has  recently  given  the  following 
statistics  from  187  cases  collected  from  the  literature: 

SUMMABT  OF  REPORTED  CaSES. 

Sex. 

Male 38 

Female : 133 

Sex  not  known 16 

Age. 

10  to  20  years 16 

20  to  30  years 59 

30  to  40  years 38 

40  to  50  years 28 

50  to  60  years 10 

60  to  70  years 6 

Not  known 30 

187 

Previous  History. 

Rheumatism 61 

Doubtful  rheumatism  or  chorea 11 

No  rheumatism 33 

Notknown 82 

Aasocialion  of  Valvular  Lesions. 

Tricuspid  alone 14 

Tricuspid  and  mitral 102 

Tricuspid  and  aortic 64 

Tricuspid  and  aortic  and  pulmonary 1 

Tricuspid  and  endocardium  of  left  auricle 1 

Tricuspid,  mitral,  and  pulmonary 2 

Total  cases 184 

Cases  showing  adherent  pericardium 12 

In  Leudet's  series  rheumatism  was  an  etiological  factor  in  over  50  per 
cent.,  puerperal  fever  in  5  per  cent.  Syphilis  has  also  been  assigned  as  a 
causal  factor. 
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In  the  cases  in  which  the  tricuspid  stenosis  follows  the  mitral  stenosis 
the  same  etiological  factors  are  concerned  as  for  the  single  lesion.  In  view 
of  the  work  of  Goodhart,  Roy  and  Adami,  and  Weber  and  Dcguy  quoted 
above  (page  441),  it  is  not  unlikely  that  the  overstrain  of  the  right  ventricle, 
brought  about  by  the  latter  conditions,  leads  to  oedema  and  hemorrhage 
into  the  tricuspid  valve,  and  that  these  processes  usher  in  the  fibrosis.  In 
other  words,  the  mitral  stenosis  itself  becomes  an  etiological  factor  in  the 

L tricuspid  lesion,  and  the  pathological  process  completed  in  the  mitral  is 
now  transferred  back  one  step  in  the  circulation  and  repeats  itself  in  the 
tricuspid. 
Occasionally,  as  in  a  case  reported  by  Gairdner,  a  fibrinous  ball,  a 
tumor,  or  a  hemorrhage  into  the  valve  may  assist  in  producing  the  stenosis. 
A  certain  percentage  of  the  cases  are  congenital  in  origin. 


PATHOLOGICAL    ANATOMY. 


The  anatomical  changes  in  the  valve  are  exactly  similar  to  those 
which  occur  upon  the  mitral  in  stenosis  of  that  orifice :  a  progressive  fibro- 
sis accompanied  by  fusion  of  the  cusps  along  their  line  of  closure,  and 
gradual  web-like  extension  of  the  valvular  membrane,  which  grows  down- 
war<l  between  the  slirunken  chordx'  tendineso  forming  an  elongated  funnel 
with  narrow  outlet. 

The  Uver  is  usually  enlarged,  though  in  some  cases  it  may  be  smaller 
than  usual,  owing  to  the  cirrhotic  changes  and  perihepatitis  which  result 
from  the  prolonged  stasis. 
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PATHOLOGICAL    PHYSIOLOGY. 

The  changes  which  tricuspid  stenosis  produces  are  exactly  similar 
to  those  already  seen  in  mitral  stenosis,  except  that  they  affect  the  systemic 
veins  instead  of  the  pulmonic.  The  filling  of  the  right 
ventricle  is  retarded.  The  amount  of  blood  which  enters  it 
passively  in  early  diastole  is  tlinunished,  and  the  amount  driven  in  by  the 
auricle  is  increased.  The  auricle  thus  begins  to  hypertrophy,'  Its  strength 
increases,  and  the  presystolic  wave  which  it  produces  in  the  veuous  pulse 
increa.ses  in  size.  In  well-marked  cases  the  force  of  auricular  contraction 
may  be  great  enough  to  produce  a  definite  prcsystohc  pulsation  in  the 
liver  with  a  wave  exactly  similar  to  that  found  in  the  vein  (Mackenzie). 

Wht-n  the  tricuspid  orifice  is  narrowed  to  such  an  extent  that  the 
increased  force  of  the  auricle  no  longer  empties  the  latter,  the  auricular 
contraction  begins  to  drive  the  blood  back  into  the  veins  and  to  increase 
the  already  high  venous  pressure,  thus  still  further  impeding  the  circula- 
tion through  the  heart  and  lungs,  so  that  the  aeration  of  the  blood  is  greatly 
interfered  with  and  marked  cyanosis  produced.  This  in  turn  gradually 
predisposes  to  polycytha-mia  (red  blood  count  8,000,000  to  9,000,000), 
The  latter  condition  causes  increased  viscosity  of  the  blood,  and  still 
further  increases  the  burden  upon  the  heart.     On  the  other  hand,  the 

'The  right  ventricle  is  almost  always  hypertrophicd  in  tricuspid  stenosis,  owing  to 
the  presence  of  mitral  stcDOsis  and  tricuspid  insufficiency. 
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hjrpertrophy  of  the  right  auricle  gradually  reaches  its  limit,  and  when 
the  venous  pressure  becomes  too  high  from  exercise  or 
other  cause,  this  chamber  becomes  dilated  and  paralyzed,  and  the  pre- 
systolic wave  disappears  from  the  jugular  and  hver  pulse  (Mackenzie). 
Unhke  lesions  of  other  valves,  no  further  compensation  is  now 
possible,  and  only  rest  of  the  heart  can  prevent  the  over-distention  of 
I  the  veins.    Consequently  slight 

NORMAL  I  TRICUSPID  STENOSIS       overstrain  results    at  once   in 

venous  stasis,  cedema,  etc., 
which  may  pass  off  readily 
when  the  patient  is  at  rest. 

The  liver  is  often,  though 
not  always,  enlarged ;  and  a 
pulsation  presystolic  in  time 
may  be  felt  in  it  as  long  aa 
the  right  auricle  is  beating 
strongly  (Mackenzie).  OEdema, 
ascites,  and  hydrothorax  may 
be  present  as  in  other  cardiac 
diseases. 

The  pulse  is  usually 
small  because  the  peripheral 
arteries  arc  constricted  in  or- 
der to  maintain  the  blood- 
pressuro,  which  may  be  per- 
fectly normal.  The  rhythm 
may  continue  regular  or  may  become  irregular  as  the  disease  advances. 
Still  more  common  arc  attacks  of  heart  failure  and  dropsy. 
In  many  ca.ses,  notably  those  of  Shattuck  and  Mackenzie,  such  attacks 
may  recur  at  intervals  during  a  decade  or  more.  At  first  the  condition 
yields  readily  to  rest  and  treatment,  but  later  the  attacks  become  more 
and  more  frequent  and  persistent. 


i*^t^#^>^t^ 


Fio.  234. — Dia^am  ••howing  the  changes  in  the  circu- 
lation in  tricu!<pid  e<tetiu«ii<.  The  arrows  indicate  the  T\»e 
in  venous  preeeure  in  the  right  aurit-le  iHA)  and  the  vena 
cava,  and  the  fall  in  pressure  tn  the  pulmonary  artery 
{PA ).  The  pressure  in  the  left  auricle  and  ventricle  may 
remaio  uaohangod  or  may  fall,  (Compare  with  Pig.  28.) 
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SYMPTOMS. 

Fortunately  for  the  patients,  the  course  of  tricuspid  stenosis  is  usually 
a  chronic  one,  the  development  of  the  lesion  generally  lagging  behind  the 
concomitant  stenosis  of  the  mitral  or  the  other  lesions  that  may  be  present. 
As  a  consequence,  the  lesion  may  be  present  for  a  number  of  years  without 
manife-^iting  any  signs  other  than  cyanosis,  ami  no  symptoms  whatever. 
Osier  quotes  a  case  reported  by  Hirtz  and  Lemaire  who  was  known  as 
"rhomme  bleu"  for  two  years  before  he  developed  any  symptoms.  On 
the  other  hand,  in  the  case  mentioned  by  Shattuck  there  was  said  to  be  "  no 
cyanosis." 

There  is  nothing  pathognomonic  about  the  symptoms.  Dyspnoea  on 
the  slightest  exertion  sets  in  and  tecomes  progressively  worse.  Pain 
down  either  arm  is  relatively  common,  occasionally  pain  about  the  right 
side  and  abdomen  due  to  distention  of  the  auricle  or  of  the  liver.  Sudden 
death  is  quite  common. 
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PHYSICAL   SIGNS. 

On  inspection  the  extreme  cyanosis  is  striking,  and  there  may  be  dila- 
tation and  accentuated  pulsation  of  the  veins.  When  carefully  timed  this 
pulsation  is  seen  to  be  presystolic,  and  is  often  a  *' double"  pul^se  of  tlie 
physiological  type.  Those  characteristics  are  brought  out  more  clearly 
by  a  venous  tracing.    In  long-standing  cases  the  fingers  may  be  clubl^ed. 

Tlie  lungs  usually  show  signs  of  bronchitis,  opdema,  or  often  of  tuber- 
culosis. Pulmonary  infiirction,  with  the  presence  of  areas  of  consolidation 
and  the  expectoration  of  dark  red  or  "prune-juice"  sputum,  is  relatively 
common.  In  the  physical  e.\am- 
ination  of  the  heart  the  real 
lesion  is  often  overlooked.  Ex- 
cept for  the  systolic  retraction 
over  the  right  ventricle,  there 
may  be  nothing  abnormal  on 
inspection.  The  area  of  cardiac 
dulness  is  increased  to  the  right, 
corresponding  to  the  tlilated 
right  auricle;  occasionally  also 
to  the  left,  as  a  result  of  con- 
comitant lesions  other  than  the 
tricuspid  stenosis. 

Palpation  sometimes  re- 
veals a  presystolic  thrill  over 
the  lower  part  of  the  sternum 
and  just  to  the  left  of  the  latter, 
but  it  is  rare!}"  as  distinct  in 
the  former  situation  as  in  the 

latter  (due  to  concomitant  mitral  stenosis).  The  shock  accompanying  the 
first  sound  over  the  right  ventricle  may  be  tapping.  The  secoml  pul- 
monic shock  is  usually  less  marked  than  nught  be  expected  to  result  from 
the  lesions  present. 

The  characteristic  sign  on  auscultation  is  the  pres- 
ence of  a  short  presystolic  rumble,  which  is  maximum  over  the 
base  of  the  sternum  and  different  in  character  from  the  pre.systohc  rumble 
heard  at  the  apex.  There  is  also  a  snapping  character  to  the  first  sound  in 
this  area,  and  it  may  be  accompanied  by  a  tricuspid  sy.stoUc  murmur. 
This  murmur  is,  however,  often  absent,  indistinct,  or  merges  so  gradually 
into  the  mitral  murmur  that  its  existence  is  not  noted.  Except  when  other 
lesions  are  present  the  second  aortic  and  pulmonic  sounds  are  not  as  loud 
as  might  be  expeeted. 

DIAGNOSIS. 

So  indistinct  are  the  murmurs  due  to  the  tricuspid  lesion  and  so  com- 
pletely are  they  overshadowed  by  those  of  the  mitral  or  otiier  orifices  that 
the  tliagnosia  before  death  was  made  in  only  six  of  T^udet's  114  cases.  The 
correct  diagnosis  has  been  almost  equally  rare  since  then.  It  may  be  made 
with  certainty  in  the  pi-esence  of  marked  cyanosis,  dilatation  of  the  right 


Fio.  235.  — C5ardiac  outline  and  dUtribulion  of  the 
pre*)r«tolic  rumble  and  anappius  Brst  sound  in  tricuspid 
8teoo«i9. 
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auricle  (increase  of  dulneas  to  the  right),  presystolic  thrill  and  rumble,  and 
presystolic  liver  pulsation.  But  these  signs  disappear  as  the  auricle  begins 
to  weaken,  and  in  very  many  cases  the  existence  of  the  lesion  is  one  that 
can  be  suspected  rather  than  proved, 

Casi  of  Tricuspid  Stenosi8. 

The  following  notes  are  from  one  of  the  rare  cases  in  which  the  diagnosis 
was  made  during  life.  Tliis  diagnosis  was  made  by  Professor  T.  B.  Futcher, 
who  has  kindly  permitted  the  writer  to  make  use  of  the  notes. 

Mm.  A,  J.J  afied  37,  entered  the  private  wanla  of  the  Johns  HopkinH  Hospital  oa 
April  30,  1909.  The  family  history  was  nega.ti\'e.  She  was  not  a  blue  baby; 
has  been  healthy  since  childhood,  but  subject  to  occasional  sore  throat.  She  has  never 
had  acute  articidar  rheumatistn.  At  the  age  of  nineteen  she  had  an  obscure  fever  lasting 
several  weeks. 

She  luLH  been  somewhat  short  of  breath  for  the  past  nineteen  years,  and  since  an 
attack  of  grippe  about  twelve  years  ago  has  complained  of  palpitation  or* 
e.xertion  or  after  eating.  These  symptoms  became  much  more  marked  four  years  ago, 
when  oedema  of  the  feet  and  ankles  and  cyanosis  appeared  for  the  first  time. 
This  condition  passed  off  under  treatment,  but  returned  again  two  years  later,  again  pass- 
ing off,  only  to  return  with  increased  severity  eight  weeks  before  admission.  During  tliis 
attack  she  has  been  blue  and  has  had    severe  orthopnoea. 

Note  by  Dr.  Fulcher,  May  1,  1909:  "Patient  is  of  short  stature,  a  little  overetout; 
very  marked  cyanosis  of  ears,  hps,  cheeks,  and  finger-nails,  aJ though  this  is 
notlung  as  compared  with  the  day  she  reached  Baltimore.  There  is  a  distinct  jaun- 
diced tint  to  the  face  and  sclerotica.  Proppe<l  up  in  lied;  considerable  dyspaowi.  Tongue 
moist,  only  a  trifle  coated;  pupils  normal  size  and  efiual,  react  to  liglit  and  accoimnodation. 

"  Still  imfXi^ibSe  to  count  pulse  at  wrist,  although  very  faint  beats  are  occa- 
sionally appreciable.  Thorax  well  formed,  expansion  gootl  and  equal  on  both  sides. 
Lower  left  axillary  region  expands  slightly  less  than  right.  Lungs  :  Right  side  clear 
throughout  front  and  axilla  on  percussion.  There  is  an  occasional  crackling  rAle  heard  at 
the  base.  Fairly  numerous  fine  moist  riles  audible  throughout  whole  back.  Left  lung 
(in  semi-recumbent  posture)  flatness  reaches  to  level  of  fourth  interspace  in  anterior  axil- 
lary line.  In  midaxillary  hue  it  reaches  nearly  t-o  a|)ex  of  axilla,  and  in  jKwterior  scapular 
line  to  a  point  about  :i  cm.  above  left  scapula.  Slight  movable  d  u  1  n  e  s  s  in 
front  with  change  of  [Kjsition.  On  auscultation,  breath  sounds  are  harsh  above  and  below 
clavicle,  as  in  compensatory  breathing.  Below  level  of  flatness  there  is  absence  of  vocal 
fremitus  and  distant  tubular  breathing  and  ilistant  nasal  quality  of  the  voice  sound. 

''  Heart. — Point  of  maximal  impulse  seen  and  felt  in  fifth  interspace  11  cm.  to 
the  left  Lif  the  niidstemal  line  and  just  in  the  mammillary  line.  There  is  very  slight  pre- 
cordiid  bulging,  but  practically  no  pulsation  or  heaving.  Systolic  shock  distinctly  tap- 
ping at  apex;  no  definite  thrill.  Relative  cardiac  dulnesa  commences  at  the  upper 
bonier  of  the  third  rib,  in  fourth  right  interspace,  extends  8.5  cm.  from 
midstemal  line,  and  merges  into  the  fluid  flatness  to  left,  but  apparently  dulness  extends 
considerably  outside  of  midline.  There  is  no  apparent  Rotch's  sign  to  the  right.  The 
absolute  cardiac  dulncss  begins  at  tlie  upper  border  of  the  fourth  rib  at  the  left  sternal 
margin,  extends  to  right  sternal  margin  at  level  of  fourth  rib  a:id  to  point  of  maximal 
impulse  in  fifth  left  interspace.  On  auscultation,  the  first  sound  is  very  snap- 
ping at  apex.  There  is  as  yet  no  definite  i>reRy.«itoUc  murmur,  but  there  ia  a  shght  echo- 
ing rumble  in  diastole.  There  is  no  systolic  bruit  at  the  apex.  The  second  soimd  is 
not  audible  here.  In  the  fourth  and  fifth  interspace  at  the  loft  ster- 
nal border  the  snapping  quality  of  the  first  sound  is  even  more  marked 
than  at  the  apex  and  the  tapping  syatolie  shock  is  very  striking  her«. 
The  second  sound  Ls  audible  and  there  is  defimif.ely  re<fu plicated.  There  is  no 
rumbling  presystolic  mvirmur  here.  In  diastole,  however,  there  ia,  on 
very  careful  auscultation,  a  faint,  soft,  prolonged,  blowing  diastolic 
murmur.  At  the  aortic  area  yesterday  there  was  a  faint  systolic  thrill. 
It  is  just  perceptible  this  morning.  The  first  sound  is  audible  and  is  accompanied 
by  a  very   rough  systolic  bruit  transmitted   upwards  to  stenoclavicu* 
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I  a  r  articulation .  The  second  aortic  is  quite  loud  and,  if  anything, 
accentuated.  There  ia  no  aortic  diastolic  bruit  heard  here.  Pulraonic  eouiids  clear, 
second  pulmoiiii;  accentuated.    The  exteniul  jugulara  are  only  slightly  distemied. 

"Liver. — Ahsolute  flatness  ext«nda  from  sixth  rib  to  a  point  apparenily  on  a 
level  with  the  costal  margin  in  right  mammillary  line-  In  median  line  if.  reaches  only  to 
tip  of  enBJfomi.  Owing  to  cedeniatom  abdominal  walls,  it  is  not  poBsjbie  to  palpate  for 
liver  edge.     No  visible  or  palpable  liver  pulsation. 

**  Abdomen  moderately  distended,  walls  oBdematous,  tympanitic  in  elevated  and  flat 
in  dependent  fwrtions.  Undoubtedly  some  ascites.  There  is  very  enarke<l  ccdema  of 
dependent  portions  of  trunk,  moderate  of  arms  and  hands,  very  marked  of  thighs  and  legs, 

"Over  dorsal  surfaces  of  both  wrist  a  there  are  quite  numerous  pin-head 
sized   ix'techitE." 

The  urine  was  ven.'  scant  (300  c.c),  of  orange  color,  specific  gravity  1015,  acid,  con- 
tains a  trace  of  albumin  and  many  hyaline  and  finely  granular  casta. 

Her  chest  was  aspirated  by  Dr.  Hen  ty  on  May  1,  and  ftOO  c.c.  of  dark  straw- 
colored  clear  fluid  removed.  She  became  worse,  however,  and  her  kidneys  refused  to  act. 
On  May  3  her  pulse  became  irregular,  cyanosis  increased,  and  the 
petechial  eruption  on  the  dorsum  of  wrists  became  more  extensive.  She  died  at 
3.15  P.M. 

Intra  vitam  diagnosis  by  Dr.  Futcher:  Aortic  st^nosia  and  inauffi- 
ciency,   mitral  stenosis,   probable  tricuspid  stenosis. 

Autopsy  showed  tricuspid,  mitral,  and  aortic  stenosis,  dila- 
tation and  hypertrophy  of  the  auricles,  contraction  and  atrophy  of  the 
ventricles,  chronic  passive  congestion  of  lU!  the  tissues  except  the 
lungB,  generalized  ojdema,  pleural  and  pericardial  effusion,  compression  and  atelectasis 
and  oedema  of  the  lungs,  hemorrhagic  infarctions  of  lungs,  acute  diphtheritic  hemorrhagic 
colitis,  generalized  narrowing  of  arteries  aud  thickening  of  veins. 

TREATMENT. 

Except  for  reat,  purgation,  and  palliative  treatment,  little  can  be  said 
in  this  condition.  Digitalis  is  sonTetiraes  of  value  to  restore  tone  to  the 
aunele  and  increase  the  force  of  the  ventricular  contraction,  but  it  very 
frequently  fails.  In  the  spells  of  acute  heart  failure  a  free  venesect  ion 
may  ward  off  impending  death  by  lowering  the  venous  pressure,  relieving 
the  heart  failure;  and  by  diminishing  the  viscosity  of  the  blood  may  afford 
more  lasting  relief.  Free  purgation  is  often  also  of  great  benefit,  because  it 
may  lower  the  pressure  in  the  veins. 


PRO  Giro  SI  3. 

The  prognosis  depends  entirely  upon  the  degree  of  st-enosis  and  the 
rapidity  of  its  progress.  As  has  been  said,  this  is  frequently  very  chronic. 
Mackenzie's  famous  case,  which  is  typical,  was  a  woman  whose  lesion 
probably  dated  from  an  attack  of  rheumatism  in  1880,  at  the  age  of  twenty- 
nine.  In  1892  she  complained  of  weakness  and  shortness  of  breath,  and 
at  that  time  the  liver  showed  a  presystoMc  pulsation.  She  was  subject  to 
numerous  temporary  attacks  of  extreme  heart  failure  and  died  in  1S99. 
However,  this  woman  was  under  excellent  care  during  the  last  seven  years 
of  her  life,  and  lived  a  tolerably  discreet  and  hygienic  existence.  Had  she 
been  compelled  to  do  heavy  work  her  life  would  probably  have  been  much 
shorter, 
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Ifackenzie,  J.:  Notes  on  a  Case  Presenting  some  Novel  Features  in  Cardiac  Symptoma- 
tology, Edinb.  Hosp.  Rep.,  1897,  v,  22.  Studies  on  the  Pulse  and  Movements  of  tha 
Heart,  N.  Y.,  Edinb.,  and  Lond.,  1902. 

*  Probably  intended  to  be,  "with  Report  of  a  Case." 


I 


PULSE-RATE   AND   BLOOD-mESSURE. 

The  effect  of  pregnancy  upon  the  heart  is  influenced  by  several  factors. 
The  gradual  pushing  of  the  diaphragm  as  the  uterus  grows  causes  the  heart 
to  assume  a  more  transverse  position  (raising  the  apex  lo  the  fourth  inter- 
Bpace  in  28  out  of  35  cases  ob.served  by  Stengel  and  Stanton),  and  thus  plac- 
ing it  in  a  position  which  embarrasses  its  action.  Moreover,  a  reflex  vagus 
inhibition  is  often  present,  which  causes  the  pulse-rate  to  become  slowed. 
Blot  has  reported  a  pulse-rate  as  low  as  36;  40  per  cent,  of  Vegas's  cases 
were  slow,  but  only  26  per  cent,  of  Skabo's  cases  were  below  75  per  minute. 
There  is  also  an  increase  in  the  width  of  the  bloo<l  channel  through  the 
uterine  vessels,  which  is  manifested  by  the  presence  of  a  dicrotic  pulse. 
In  order  to  overcome  these  factors  and  to  keep  up  the  equilibrium  of  the 
circulation,  the  heart  is  compelled  to  put  forth  increased  efforts.  Siemens 
and  Goldsborough  in  a  most  careful  aeries  of  observations  have  found  the 
following  fig:ure8,  which  accord  well  with  the  previous  findings  of  0.  Fellner, 
Stengel  and  Stanton,  and  Vogeler. 

They  found  the  following  figures:* 
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HYPERTROPHY. 


This  prolonged  increase  in  work  was  supposed  by  Larcher  to  bring 
about  hypertrophy  of  the  heart,  a  fact  \vhich  has  found  some  support  in 
the  weighings  of  certain  observers;  but  the  more  careful  work  of  W.  Miiller 
and  of  later  observers  (average  weight  of  heart  during  pregnancy  227  Gm,) 


'  Willie  this  method  of  caiculation  h  not  intended  to  he  regarded  as  quftntitatively 
accurate  {see  p.  36),  it  shows  the  qualitative  changes  fairly  well. 
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fails  to  substantiate  this  view.  The  increase  in  sisse  supposed  to  represent 
hypertrophy  is  probably  due  in  part  to  dilatation  of  the  heart,  and  in  part 
to  the  apparent  increase  in  cardiac  area  which  occurs  when  the  heart  lies 
in  a  more  transverse  position.  However,  a  very  slight  hypertrophy,  like 
that  of  the  athlete's  heart,  may  occur  during  pregnancy.  During  labor  an 
additional  strain  of  short  duration  is  thrown  on  the  heart. 

FUNCTIONAL     TRICUSPID     INSUFFICIENCY     AND     OVERSTRAIN     DURING     LABOR, 

James  Mackenzie  has  shown,  moreover,  that  the  dilatation  during 
pregnancy  affects  the  right  he^rt  particularly,  and  that  in  verj^  many  cases 
even  of  otherwise  normal  women  a  definite  insufficiency 
of  the  tricuspid  valve  may  appear,  disappear,  and  reap|>ear  accord- 
ing to  the  condition  of  the  patient.  The  presence  of  this  insufficiency  is 
shown  by  both  the  positive  venous  pulse  and  the  systolic  murmur  in  the 
tricuspid  area, 

THE  EFFECTS  DURING   THE  LABOR   PAINS. 

Moreover,  J.  C.  Litzenberg  (Am.  Joum.  Obstetrics,  1916,  Ixxiii,  228)  has 
found  urobilin  is  present  in  the  urine  of  25  per  cent,  of  normal  pregnant  women, 
especially  in  the  later  stages.  This  indicates  diminished  liver  function  which 
is  really  brought  about  by  stasis;  and  is  perhai>s  one  of  the  signs  of  cardiac 
overstrains  in  late  pregnancy. 

Dr.  Slemons  informs  the  writer  that  during  the  lalxir  pains  there  is  often 
a  rise  of  fifty  millimetres  of  mercury  in  the  maximal  pressure,  though  these 
elevations  are  of  short  duration.  It  is  therefore  not  surprising  that  some 
hearts  should  fail  and  that  pulmonary  oedema  should  l^  an  occasional  com- 
plication, especially  in  mitral  stenosis  where  the  pulmonary'  circulation  is 
alreatly  engorged.  It  is  perhaps  surprising,  however,  that  so  few  cases  actu- 
ally succumb  during  the  strains  of  labor.  Sehlayer's  results  typify  the  gen- 
eral experience  in  this  regard.  He  lost  eight  out  of  twenty-five  cases  (32  per 
cent.)  of  severe  heart  disease,  but  only  two  of  these  (8  per  cent.)  died  during 
labor.  The  act  of  labor  itself  does  not  impose  a  much  more  severe  strain 
upon  the  organism  than  that  arising  during  the  course  of  pregnancy. 


CAUSE  AND  FREQUENCY  OF  DEATH  FROM  LABOR. 

The  immediate  cause  of  death  during  labor  is  usually  pulmonary 
oedema  from  failure  of  the  left  ventricle.  However,  as  above  stated,  only 
about  one-fourth  of  the  fatal  cases  die  during  labor,  the  greater  number 
8urvi\T[ng  some  days,  weeks,  or  months.  In  the  cases  of  mitral  stenosis, 
apoplexy  or  cerebral  embolism  is  not  unconunon,  ouing  to  loosening  of 
thrombi  which  form  in  the  left  auricle  during  the  periods  of  stasis. 

As  regards  the  results  obtained  by  different  writers  in  cases  with  heart, 
lesions  the  greatest  divergence  is  found.  The  following  represent  the  mor- 
tality rcfx^rted  by  various  writers:  Macdonald  61  per  cent.,  v.  Guerard 
34  per  cent.,  Lublinsky  60  per  cent.,  v.  Leyden  55  per  cent.,  Schlayer  48 
per  cent.,  Wessner  49.3  per  cent.,  Lwoff  12  per  cent.,  Gusserow  6  per  cent.. 
Jess  31.5  per  cent.,  Wiesenthal  12.5  per  cent,,  Schneider  7.1  per  cent.,  Miiller 
3  per  cent. 
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A  very  careful  study  of  these  conditions  has  been  made  by  0.  Fellner  in 
'  Schauta's  clinic  in  Vienna,  Fellner  noted  that  the  percentage  of  heart  cases 
reported  in  obstetrical  clinics  was  far  too  low  for  the  general  prevalence  of 
cardiac  disease,  and  upon  careful  routine  examination  found  that  about  six 
cases  out  of  seven  of  compensated  heart  diseases  were  actu- 
ally escaping  detection  in  the  clinics.  So  little  effect  had  heart 
disease  made  upon  the  course  of  pregnancy  and  labor!  Of  the  cases  that  had 
been  recognized  in  the  obstetrical  clinic  in  ten  years  he  found  the  following: ' 


Mitral  insuffieiency, 

Compensated 

Uaconipenaated 

Mitml  atenofiis, 

Compensated , . . .  . 

Uncompensated , 

Mitral  stenosis  plus  inmifficiency, 

CompensatetJ 

Uncompensated 

Aortic  insufficiency, 

Uncompensated 

Aortic  Insufficiency  plus  mitral  insufficiency, 

Conijwnsated 

Uncomj»enBated ,,..,, 
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81 
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died. 
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26 


In  the  900  cases  occurring  since  his  own  routine  examinations  of  the 
heart  were  instituted,  he  found; 


Mitral  insufficiency, 

Compensated 

Uncompensated 

Mitral  Btenosis  plus  insuffieiency, 

Compensated 

Uncompensated 

Aortic  insufficiency  plus  mitral  insuffieiency, 
Compensated 
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14 
1 

3 
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0 

0 

0 
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ChiU 
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4 

0 
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FACTORS  INFLUENCING  PROGNOSIS. 

These  statistics  from  unselected  cases  are  much  more  favorable  than 
the  previous  reports  would  indicate,  and  are  in  accordance  with  the  con- 
cliL-ijions  of  Hicks  and  French  that  few  women  with  heart  di.«5ea.se  are  sterile, 
that  they  are  not  particularly  liable  to  alx>rt,  and  that  most  of  them  bear 

'  Jttschke  (Arch.  f.  GiTiaekol.,  xcii,  4ft6)  reporta  similar  iBadinga  in  54(i  heart;  cases 
mmong  37,014  women. 


children  well.  Blacker,  in  a  most  excellent  Hsumi  of  the  subject,  coin- 
cides with  these  opinions,  but  finds  53  deaths  (12  per  cent.)  in  453  cases  of 
heart  diseatic  taken  from  the  literature. 

Most  writers  believe  that  the  variety  in  the  results  is  due  to  the  severity 
of  the  cases  which  happen  to  be  encountered,  or  at  least  recognized;  but 
the  excellent  statistics  from  Schauta's  clinic  would  indicate  that  skill  in 
the  management  of  the  case  plays  a  considerable  role.  It  must  not  be 
forgotten  that  the  recognition  of  an  organic  valvular  lesion  in  a  pregnant 
woman  may  be  by  no  means  easy,  for  the  functional  or  accidental  systolic 
murmurs  at  the  apex,  occurring  during  pregnancy,  may  closely  simulate 
those  from  an  organic  mitral  insufficiency;  and,  unless  their  disappearance 
is  noted  by  the  end  of  the  puerperium,  this  discrepancy  may  not  be  not-ed. 
The  con.stancy  of  the  murmur,  its  roughness,  its  transmission  to  the  axilla 
ami  the  increase  rather  than  decrease  in  intensity  at  times  when  the  condi- 
tion of  the  heart  improves  favor  the  diagnosis  of  an  organic  mitral  insuffi- 
ciency; while  in  the  presence  of  a  soft  murmur  occurring  with  a  dilated  heart, 
a  rapid  pulse,  and  a  break  in  compensation  the  presumption  is  temporarily 
in  favor  of  the  more  common  functional  insufficiency.  The  diagnoses  of 
mitral  stenosis  and  of  aortic  insufficiency  are  probably  more  uniformly 
correct  and  present  less  difficulty. 

Broken  Compensation  in  Pregnancy.^ — On  the  other  hand,  it  may  be 
fhfficult  to  judge  when  compensiition  should  be  considered  broken.  The  push- 
ing up  of  the  diaphragm  by  the  pregnant  uterus  and  the  increased  vol  ume  of  the 
blood  all  tend  to  ovemvork  the  heart,  and,  on  the  other  hand,  the  pressure  of 
the  uterus  on  the  pelvic  veins  may  cause  oeilema  of  the  legs  which  may  simu- 
late a  heart  failure  that  may  not  be  present.  And,  moreover,  a  relative  tricus- 
pid insufficiency  of  muscular  origin  may  be  present  as  a  result  of  the  pregnancy 
without  organic  lesion,  Vjut  may  nevertheless  give  rise  to  the  same  signs  and 
practical  effects  as  the  latter. 

The  diagnosis  of  broken  compensation  in  pregnancy  therefore  depends 
upon  signs  wliich  are  relative  rather  than  absolute,  since,  :ts  Mackenzie  shows, 
a  certain  degree  of  broken  compensation  is  an  almost  normal  phenomenon  in 
the  lat-er  months  of  pregnancy.  This  again  is  relative,  for  some  women  are 
almost  as  active  throughout  pregnancy  as  at  other  times,  while  other  quite 
normal  women  may  be  almost  invalids  throughout  the  entire  period.  Due 
attention  should  Ije  paid  to  Litzenlx*rg's  sign  of  urobilinuria  (see  page  516). 
Dyspnoea  and  e^'anosis  on  very  slight  exertion,  such  as  quietly  walking  a 
distance  of  a  few  hundred  yards  or  less,  walking  up  a  few  stairs,  etc.,  and 
the  presence  of  a  small  rapid  pulse,  pt-rsistent  cough,  enlargement  of  the  liver 
and  oedema  of  the  feet  and  legs  may  be  regarded  as  the  most  important 
symptoms.  The  earlier  in  pregnancy  they  occur  the  more  alarming  they  are. 
Persistent  dyspnoea  or  orthopnoea  and  cyanosis  alone,  esjieeially  in  the  pres- 
ence of  a  \'alvular  lesion,  are  in  themselves  most  significant  and  should  warrant 
immediate  attention. 


MANAGEMENT  OP   CASES   OF   HEART   LESIONS   IN   PREGNANCY. 

The  correct  maniigement  of  a  case  of  heart  lesion  complicated  by  preg- 
nancy is,  as  stated  by  Blacker,  to  treat  the  heart  disease  with- 
out   regard    to    the     pregnancy    until    the    break    in 


PREGNANCY  AND    LABOR  IN   HEART   DISEASE.         519 


compensation  is  seen  to  persist,  and  then  to  termi- 
nate the  pregnancy.  In  other  words,  as  long  as  compensation  is 
good  the  patient  should  merely  be  carefully  watched  but  no  meciiration 
need  be  resorted  to.  At  the  first  signs  of  cardiac  weakening  and  dilatation 
(dyspncea  and  cyanosis^  etc.,  on  slight  exertion)  absolute  rest  should  be 
insisted  on  and  digitalis  or  strophanthus  should  be  given.  This  procedure 
should  be  insistetl  on  even  if  the  tUagno.sis  of  organic  valvular  lesion  is  not 
definite,  for  these  procedures  will  aflford  quite  as  much  relief  in  cases  of 
functional  tricuspid  insufficiency.  Moreover,  they  should  be  repeated  at 
the  slightest  indication  (see  page  252),  especially  toward  the  end  of  pregnancy. 
It  is  advisable  in  such  ca-ses  to  give  a  few  prophylactic  doses  of  digitalis 
when  labor  seems  imminent,  or  a  few  doses  of  strophauthus  at  the  begin- 
ning of  labor  pains,  so  as  to  have  the  tonus  of  the  heart  muscle  at  its  opti- 
mum by  the  time  the  .strain  of  the  second  stage  is  imposed  upon  it.  At 
periods  of  acute  dilatation,  and  especially  when  pulmonary'  oedema  seta 
in>  venesection  affords  the  greatest  relief. 

If  cardiac  symptoms  disappear  the  patient  may  be  gradually  allowed 
up  and  around,  but  she  must  be  more  careful  than  before,  and  if 
signs  of  a  second  break  in  compensation  occur,  terminating  the  pregnancy 
should  be  seriou.sly  considered-  This  is  especially  true  in  cases  of  mitral 
stenosis,  in  which  the  cardiac  accidents  of  pregnancy  are  particularly  fre- 
quent. Women  with  compensated  mitral  stenosis  may  pass  through  five, 
six,  or  seven  pregnancies  without  appearing  to  be  injured  by  them  (Len- 
harta),  but  when  cardiac  .symptoms  appear  in  a  case  of  this  disease  during 
the  course  of  a  pregnancy  it  is  nearing  the  danger  line,  and  if  these  pei-sist 
in  spite  of  rest  and  treatment  or  when  compensation  is  once  broken,  the 
danger  becomes  great. 

Fellner's  low  mortality  (21  cases  with  1  death)  is  probably  due  to  the 
careful  practice  of  Schauta's  clinic,  which  he  summarizes  in  the  advice  to 
"terminate  pregnancy  in  ca.ses  of  mitral  stenosis  as  soon  as  the  slightest 
signs  of  broken  compensation  appear,"  or  in  cases  in  which  signs  of  danger 
had  been  present  in  previous  pregnancies. 

Case  of  Mitral  Ste.vosis  with  Pregnanct  and  L.vbor. 

The  (latif^r  of  (Hsreganlin^  this  advice  was  well  ilhistrated  by  a  paiient  un«Ser  the 
writer's  care  during  the  past  year.  She  was  a  young  married  woman  of  twenty-six.  and 
was  seen  in  November.  1*J07,  in  the  sixth  month  of  prei^nancy,  complaining  of 
shortness  of  breath  and  was  quite  cyanotic.  Her  trouble  <i  a  t  e  d  from 
the  birth  of  her  first  child  nine  months  before,  at  which  time  she  had 
evidently  received  a  mild  puerperal  infection.  The  veins  were  rather  full; 
her  heart  was  nut  enhir^ed,  and  at  the  ajjex  the  first  sound  wius  snapping 
an<l  preceded  by  a  slij^lit  presystolic  rumble.  This  varietl  in  intensity  from  time 
to  time.  Occasionally  a  blowing  diastolic  murmur  was  heartl  along  the  left 
l«>rder  of  canliac  dulness,  l»ut  not  over  the  aortic  area.  The  pulse  wm  small 
ami  weak,  not  collapsing,  usually  regidar.  There  was  slight  oedema  of  the 
shins  and  ankles.  The  patient  wjis  placed  in  the  hospital,  and  her  condition  improve*!  at 
once,  so  that  within  two  weeks  tthe  was  allowed  to  enter  the  waiting  ward  of  the  obstet- 
rical department.  It  was  then  proposed  that  lalwr  «jhoiil<l  be  inducei!,  Init  the  obstetrical 
house  staff  did  not  regard  the  case  as  imperative.  She  left  the  hospital  contrary  to  advice, 
and  on  January  1,  1908,  in  the  seventh  month  of  piegnaiicy,  she  was  delivered  of  a 
healthy  premature  child.  The  labor  waa  easy.  8he  in-sisted  uixtn  giv- 
ing the  infant  the  breast  for  a  couple  of  weeks,  but  remained  m  bed  and  t]uietj  liufTering 
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from  orthopnoea.  This  continue<i  in  spite  of  digitalis.  Her  liver  was  enlarged,  and 
cedeina  of  the  legs  gradually  set  in.  She  finally  returned  to  the  hoepital,  but  never  recu- 
perated, and  died  in  June,  1908.  The  child,  which  had  always  been  under  the 
care  of  a  district  nurse  and  later  in  the  Thomaa  Wilson  Hospital,  also  died  dur- 
ing the  same  month. 

Termination  of  Pregnancy. — In  an  almost  exactly  similar  case  Hellendal 
performed  an  abortion  as  soon  as  the  signs  of  broken  compensation  were 
definite,  and  eight  days  later  resected  both  tubes  to  prevent  subsequent 
pregnancy.  The  patient  made  a  perfect  recovery  and  her  life  is  no  longer 
endangered. 

In  deciding  the  question  of  terminating  pregnancy,  it  must  be  borne 
in  mind  that  in  from  25  to  40  per  cent,  of  patients  with 
severe  heart  lesions  the  pregnancy  does  not  reach 
term,  but  premature  labor  occurs  spontaneously  owing  to  partial  asphyxia 
of  the  fcetus.  The  placental  circulation  is  slowed,  the  aeration  is  poor,  and, 
aSsFellner  has  shown,  there  is  often  a  large  necrotic  border  about  the  pla- 
centa. This  probably  results  from  thrombosis.  Moreover,  the  statistics 
of  the  obstetrical  ctinica,  even  of  Schauta's,  are  far  more  favorable  than  the 
end  results  would  show.  Our  own  case  above  mentioned  would  be  classed 
in  such  statistics  as  "improved"  at  the  end  of  the  puerperium  and  the 
child  as  "living";  while,  as  a  matter  of  fact,  both  died  within  six  months 
after  the  labor.  Since  most  statistics  are  compiled  from  the  histories  of 
hospitals,  where  the  cases  are  subsequently  lost  sight  of,  it  is  probable  that 
this  represents  a  verj'  large  class  of  cases.  The  children  are  especiaUy  deli- 
cate, and,  even  if  they  survive,  succumb  more  easily  to  pulmonarj'  and  gastro- 
intestinal infections  during  the  first  or  second  year  than  do  other  children. 

The  inevitably  high  child  mortality  and  the  danger  to  the  mother, 
especially  in  mitral  stenosis,  somewhat  lessen  the  moral  responsibility  of 
terminating  pregnancy.  Moreover,  as  Weber  and  Deguy  have  shown, 
pregnancy  and  labor  are  in  themselves  causal  factors  in  valvular  disease, 
and  especially  mitral  steno.si.s,  through  the  occurrence  of  hemorrhages  into 
the  substance  of  the  valves  (see  Chapter  III),  or,  as  in  the  case  of  our 
patient,  bring  about  the  recurrence  of  a  slumbering  endocarditis,  and  thus 
leave  the  patient  worse  than  before,  often  with  a  progressive  lesion.  When 
it  has  been  decided  to  terminate  pregnancy,  this  should  be  done  as  soon  as 
possible.  The  procedure  of  choice  depends  upon  the  severity  of  the  symp- 
toms and  the  necessity  for  immediate  emptying  of  the  uterus.  They  have 
been  summed  up  by  Fellner  in  the  following  scale:  (1)  Induction  of 
labor  with  de  Ribes  bag  or  packing  the  cervix;  (2)  craniotomy;  (3J  forceps; 
(4)  version  and  extraction;  (.3)  Csesarean  section.  In  general  it  must  be 
said  that  the  less  the  operative  interference  with  the  physiological  course 
of  each  stage,  the  less  shock  to  the  patient  and  the  l]>etter  the  end  result. 
On  the  other  hand,  each  stage  of  labor  is  hkely  to  be  prolonged  in  such 
cases  and  this  must  be  avoided.  Wlien  the  condition  is  alarming,  the 
relief  should  be  rapid,  Pulmonarj'  cede  ma  is  often  at  once  relieved  by 
tapping  the  fetal  membranes,  removing  the  amniotic  fluid,  and  allowing 
the  diaphragm  to  descend ;  although  the  labor  then  becomes  much  harder. 
The  patients  usually  stand  the  operative  interference  well.  As  in  other 
conditions,  ether  is  preferable  to  chloroform  where  the  heart  is  diseased. 
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AORTIC  DISEASE    IN    PREGNANCY. 

As  aortic  disease  ia  comparatively  rare  in  women,  it  usually  receives 
little  mention.  It  is  significant,  however,  that  in  Fellner'a  series  there  was 
a  ver\'  high  mortality  (60  per  cent.)  in  the  foetus.  Newell  reports  a  case 
in  which  there  was  little  cardiac  discomfort  throughout  pregnancy,  but  a 
hard  labor  set  in.  Forceps  were  used.  Collapse  and  pulmonary  ctdema 
ensued,  and  the  mother  died  four  hours  after  labor.  The  child  died  also. 
This  is  simply  an  example  of  the  acute  heart  failure  (probably  acute  dila- 
tation of  the  left  ventricle  with  sudden  onset  of  functional  mitral  insuffi- 
ciency) so  characteristic  of  aortic  insufficiency.  Mitral  lesions  are  usually 
more  dangerous  than  aortic,  but  they  usually  give  signs  of  gradual  progres- 
sion. The  danger  in  aort'c  insufficiency  may,  as  in  Newell's  case,  come  on 
very  rapidly  and  result  in  the  death  of  the  patient. 

SUBSEQUENT    PRECAUTIONS. 

In  cases  in  which  dangerous  breaks  in  compensation  occur  during  the 
course  of  pregnancy  and  termination  of  the  latter  becomes  necessary,  as 
well  as  in  those  which  reach  a  natural  termination  under  conditions  in  which 
the  life  of  the  mother  is  endangered,  measures  must  be  taken  to  prevent 
subsequent  conception.  As  Feis  points  out,  the  physician's  advice  to  a 
married  woman  to  absolutely  avoid  coitus  is  so  rarely  followed  that  for 
practical  purposes  it  is  scarcely  worth  giving.  To  rely  entirely  upon  it 
therefore  savors  of  hypocrisy.  Feis  believes  that  in  these  cases  prophylactic 
measures  against  conception  should  be  advised.  Fellner  and  Hellendal 
go  one  step  further.  They  both  advise  and  practise  sterilization  of  the 
mother  by  resection  of  the  tubes,  an  operation  which  is  not  fraught  with 
much  danger,  and  which  then  relieves  her  from  the  sword  of  Damocles 
that  otherwise  hangs  over  her  head. 

MATRIMONY    AND    HEART    DISEASE. 

The  question  also  arises  under  what  condition  may  women  with  heart 
disease  be  permitted  to  marry.  As  Fellner's  statistics  show,  the  danger 
is  not  ver>-  great.  Blacker  sums  up  the  facts  in  the  statement  that  all 
women  with  heart  lesions  will  suffer  from  them  sooner  or  later,  and  that 
this  period  need  not  be  much  accelerated  by  pregnancies.  Some  writers 
even  go  so  far  as  to  state  that  pregnancies  do  not  alter  the  duration  of  life 
at  all,  but  this  view  is  much  too  optimistic.  The  best  proof,  however, 
that  the  compensated  heart  lesion  should  not  be  a  bar  to  matrimony  is 
shown  by  Fellner's  statistical  proof  that  six  out  of  everj'  seven  heart  leeiona 
are  not  even  suspected  in  the  average  obstetrical  cEnic.  On  the  other  hand, 
if  compensation  is  poor,  marriage,  like  any  other  strain,  should  of  course 
be  forbidden.  This  again,  as  Fellner  points  out,  depends  as  much  on  socio- 
logical as  on  physical  factors,  for  a  woman  in  poor  circumstances  may  be 
able  to  live  more  quietly  and  avoid  cardiac  strain  more  readily  in  married 
life  than  when  supporting  herself  by  her  own  work.  Under  such  circum- 
stances the  patient  should  be  made  fully  aware  of  the  dangers  of  conception 
and  coitus.    All  things  being  considered,  compensated  mitral  stenosis  cannot 
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be  made  an  exception  to  these  rules,  although  its  presence  warrants  a  cer- 
tain foreboding  in  the  physician  consulted,  and  should  direct  his  advice 
toward  the  side  of  caution.  If  compensation  has  once  been  broken  in  a  case  of 
mitral  stenosis,  conception  should  be  forbitlden  and  marriage  strongly  advised 
against.  The  same  applies  to  well-marked  chronic  myocarditis 
or  nephritic  cardiopathy  when  these  can  be  diagnosed  with 
probability,  since  they  run  a  more  unfavorable  course  for  both  mother  and 
fcetus  than  do  the  cases  of  valvular  lesions. 


MARRIAGE   IN   MEN  SUFFERING   FROM   HEART  DISEASE, 

In  men  with  cardiac  disease  the  problem  of  marriage  is,  as  a  rule,  less 
serious  than  in  women,  owing  to  the  less  severe  physical  strain  imposed 
upon  the  patient;  but,  nevertheless,  it  entails  certain  dangers.  These  may 
be  divided  into  two  groups,  the  purely  physical  strain  of  coitus  and  the 
mental  strains  incident  to  providing  for  a  family,  as  well  as  those  of  domestic 
arguments  and  disagreements. 

Whether  the  effects  of  coitus  will  be  deleterious  depends  upon  many 
factors.  As  long  as  compensation  is  good  and  sexual  indulgence  is  moderate 
no  ill  effects  need  be  fearetl,  but  in  patients  whose  compensation  is  poor  or 
uncertain,  the  effect  will  depend  largely  upon  the  frequency  ,ind  the  intensity 
of  the  sexual  excitement.  It  is  by  no  means  rare  to  find  heart  failure  begin- 
ning shortly  after  marriage  in  men  whose  compensation,  though  otherwise 
maintained,  was  never  very  good.  This  is  especially  true  of  old  men  married 
to  young  and  passionate  wives. 

Coitus  raises  the  blood -pressure  more  in  men  than  in  women,  and  also 
increases  the  force  of  the  heart-beat,  apparently  in  proportion  to  the  degree 
of  sexual  excitement,  and  therefore  differently  with  different  people  and 
under  different  conditions.  When  repeated  several  times  during  the  same 
night  it  is  esp<*cially  deleterious,  since  the  fatigue  is  fur  greater  and  tlie  after- 
effects are  of  longer  duration  than  from  a  single  coitus,  and  sudden  death 
during  coitus  is  far  from  rare,  especially  in  patients  with  aortic  insufficiency 
or  diseased  coronary  arteries. 

On  the  other  hand,  the  worries  and  psychic  excitements  entailed  by 
marriage  are  equally  important  In  all  but  the  most  well-to-do  it  becomes 
necessary  for  the  m^^in  to  earn  more  money  thim  would  suffice  him  if  unmar- 
ried, and  as  his  whole  life  becomes  more  strenuous  the  wear  and  tear  on  the 
body,  and  especially  upon  the  heart,  increases.  He  may,  for  the  sake  of  his 
family,  take  greater  chances,  endure  greater  exix>sure,  which  in  itself  may 
bring  on  rheumatism  and  bronchopneumonial  infectioas,  and  these  in  turn 
react  unfavorably  on  the  heart. 

Among  the  individual  valvular  lesions  the  greatest  danger  is  encountered 
in  aortic  insufficieney,  for  the  act  of  coitus  imposes  a  sudden  strain  which,  in 
the  weaker  hearts,  may  lead  to  an  increase  in  the  amount  of  blood  regurgitat 
ing  and  bring  on  acute  dilatation  immediately.  It  is  not  surprising,  therefore," 
that  in  this  form  of  disease  particularly  death  during  the  act  of  coitus  is  not 
infrequent;  though  severe  heart  failure  resulting  in  death  subsequently  is,  of 
course,  much  more  common.  Such  failures  naturally  occur  in  [jersons  whose 
hearts  are  in  a  much  weakened  condition  before  the  coitus.  In  hearts  whose 
tonicity  is  low  this  balance  is  readily  overthrown  and  dilatation  sets  in  on 
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relatively  slight  provocation;  so  that  all  influences  which  tend  to  lower  cardiac 
tonicity  such  as  recent  febrile  or  gastrointestinal  diseases  op  even  severe  fatig;ue 
constitute  definite  contraindications  to  sexual  intercourse  in  this  class  of  cases. 

On  the  other  hand,  the  greater  number  of  patients  with  aortic  insuffi- 
ciency which  is  well  compensated  may,  with  perfect  safety,  marry  without 
misgivings  J  but  the  necessity  of  heeding  the  above-mentioned  danger  signals 
must  he  impressed  upon  them.  One  point  worthy  of  consideration  in  all 
cases  of  aortic  insufficie;ncy,  except  those  upon  a  definitely  rheumatic  basis, 
is  the  frequency  with  which  this  lesion  is  the  result  of  sit-philitie  aortitis^  and 
this  question  ought  to  be  carefully  investigated  before  the  patient  is  permitted 
to  marry.  In  all  cases  of  possible  doul>t  a  Wassermann  reaction  should  be 
resort<Hl  to;  and  if  this  is  jxisitive  antisyphihtic  treatment  should  be  instituted 
promptly. 

In  cases  of  mitral  disease  the  contraindications  to  matrimony  are  a  little 
less  urgent,  since,  from  the  nature  of  the  lesion,  sudden  heart  failure  results  in 
oedema  and  congestion  of  the  lungs  rather  than  in  extreme  dilatation  of  the 
ventricles,  and  the  patient's  chances  of  recovery  from  an  acute  heart  strain  are 
therefore  greater  than  in  the  aortic  cases.  The  same  general  principles  and 
precautions,  however,  in  the  management  of  the  patient  shouUl  be  followed. 

In  ca.ses  of  arrhythmia,  the  advisability  of  matrimony  depends  upon  the 
severity  of  the  condition.  The  sinus  arrhjihmias  and  paroxysmal  tachy- 
cardia, when  the  attacks  are  not  severe  and  are  unaccompanied  by  valvular 
lesions  or  signs  of  coronarj'  sclerosis,  are  in  themselves  no  bar  to  marriage. 
Occasional  extrasystoles  also  fall  into  this  category,  particular!}^  those  asso- 
cJated  with  flatulence  and  gastrointestinal  disturbance.  l>ut  not  ivith  muscular 
effort.  If  their  frequency  is  increased  on  exertion  or  they  are  associated  with 
the  presence  of  severe  valvular  lesion  or  chronic  hj'pertension,  however,  thej' 
should  be  regarded  much  more  seriously  and  the  question  of  marriage  be- 
comes a  much  more  dubious  one. 

Heart-block  is  in  most  cases,  of  course,  a  definite  bar  to  marriage.  This 
is  particularly  the  case  in  p4Tsons  with  partial  heart-block,  and  especially 
those  who  are  subject  to  attacks  of  weakness,  giddiness  or  syncope,  or  in 
persons  with  complete  block,  unless  the  latter  condition  has  shown  a  tendency 
to  remain  complete  and  the  ventricle  has  demonstrated  its  ability  to  main- 
tain an  adequate  circtilation  over  a  long  period  of  time.  However,  one  occa- 
sionally encounters  persons  who,  in  spite  of  long-continued  complete  heart- 
block,  retain  their  cardiac  compensation,  reserve  force  and  bodiiy  vigor;  and 
in  these  persons  the  case  is  ditTerent.  This  was  strikingly  exemplified  by  a 
gentleman  (cited  on  page  571)  whose  pulse-rate  had  remained  at  about  half 
the  normal  (about  32  per  minute)  since  some  time  before  his  marriage,  which 
had  occurred  35  years  previous  to  his  examination.  During  this  time  he  had 
enjoyed  perfect  health  and  had  led  an  extremely  active  life,  and  m.vt  until  old 
age  was  ui)on  him  had  any  s\'mptoms  referable  to  the  circulatory  system  set 
in.  During  this  period  he  hail  led  a  normal  married  life  and  had  been  the 
father  of  several  healthy  children.  Such  cases  are  unfortunately  extremely 
rare;  and  before  marriage  is  permitted  in  heart-block  the  greatest  precaution 
should  be  exercised,  and  the  patient  should  be  sul>jected  to  a  variety  of  ex- 
ercise and  exertion  tests  to  demonstrate  that  he  is  thoroughly  able  to  accom- 
modate himself  to  new  taxes  upon  his  system. 
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The  same  restrictions  apply  also  to  absolute  arrhythmia  with  auricular 
fibrillation.  Here,  also,  occasional  cases  are  met  with  in  which  the  arrhythmia 
exists  for  years  without  sigjis  of  cardiac  weakness  or  any  symptoms  referable 
to  the  circulation.  In  these  cases  the  heart  has  accommodated  itself  to  the 
abnormal  rhythm  and  may  be  fairly  expected  to  do  so  ff)r  some  time  to  come. 
In  the  p:reat  majority  of  cases  auricular  fibrillation  entails  not  only  persistent 
arrhythmia  but  persistent  inability  to  withstand  exertion,  and  for  most  of 
these  marriage  is  out  of  the  question.  Bhould  the  patient  insist  upon  marry- 
ing against  the  physician's  advice,  the  prof^pective  bride  should  be  cautioned 
that  she  must  assume  more  or  less  the  r61e  of  nurse  toward  her  husband  and 
she  must  be  informed  that  his  chances  of  life  rest  largely  in  her  hands. 

In  chronic  hypertension  the  same  general  rules  apply,  though  this  con- 
dition is  perhaps  a  little  more  likely  to  be  insidiously  progressing  and  the 
patient  may  pass  into  the  danger  zone  without  realizing  the  transition.  The 
degree  of  renal  function  and  the  presence  or  absence  of  dyspnoea  or  presence 
of  extrasystoles  on  mild  exertion  constitute  the  main  criteria.  In  eases  in 
which  the  condition  is  progressive,  the  prospective  bride  should  be  informed 
that  her  husband's  life  is  probably  of  limited  duration. 
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CONGENITAL  HEART  DISEASE. 
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DEVELOPMENT  OF  THE  HEART. 


human  heart,  as  in  all  other  fomplex  anatomical  structures, 
there  are  many  portions  whose  form  and  function  are  obscure  and  difficult 
of  comprehension  when  considered  only  in  the  lij^;ht  of  conditions  pres- 
ent in  the  adult,  but  which  become 
quite  clear  when  seen  in  the  various 
Htages  of  their  development.  A 
brief  consideration  of  the  embrj'ol- 
ogy  of  the  heart,  will  therefore  greatly 
simplify  the  study  of  the  anatomy. 
Jloreover,  it  must  be  borne  in  mind 
that  occasionally  some  portion  of 
the  adult  heart  fails  to  develop 
beyond  the  embryonic  stage,  giving 
rise  to  the  signs  and  symptoms  of 
congenital  heart  disease;  and  there- 
fore a  knowledge  of  the  embryologi- 
cal  development  is  necessary  for  pur- 


Fio  236, — Very  early  ntag,r  m  the  developrnunt  of  the  Immnn  circulatory  «y?item.  cDrRwu  frrim 
■  model  of  a  human  embryo  2.6  nun.  long,  about  two  weeks  after  fertilifatioti.  From  Prof.  F.  1'.  Mali's 
collection.  The motiri  wts  pr*>parerl  by  Mr,  W .  E,  Dandy.)  The  sp«cjmen  fHiovra  the  two  aorta  (AG)  leading 
the  blood  to  the  choriouic  villi,  and  the  two  umbilical  veinr>  (l'\fB  V)  leading  it  bark  to  the  primitive 
heart  (H).  Tlie  five  branrhial  or  aortic  arciiwt  tAA)  whiph  connctii  the  heart  with  the  aortJB  are  shown 
also.     A.  DorMil  aspect.     B.  Lateral  aispect  of  the  head  end  of  the  rame  embryo. 


poses  of  practical  diagno-sis  and  prognosis  as  well  as  for  anatomical  .stiidy, 

The  earliest  i^tage  of  the  circulatory  syst«m  in  the  mammalian  erabrj'o 

consists  in  the  formation  of  a  number  of  small  blood-vessels  and  capdlary 
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plexu>5e!=i,  which  arise  from  the  mesoblast  over  the  surface  of  the  yolk-sac.] 
The.se  soon  unite  to  form  a  detinite  symmetrifal  vascular  system. 

Eternod  has  carefully  described  the  earliest  development  of  the  circu- 
lator}- system  in  a  human  embryo  1.2  mm.  long,  estimated  at  about  eleven 
days  after  fertilization.  Another  embryo  of  almost  the  same  age  (Fig.  230) 
has  recently  been  discovered  by  Dr.  Mai!  and  modelled  by  Mr.  W.  E.  Dandy,  i 
In  this  embryo  the  venous  system  is  i*epreseoted  almost  entirely  by  the 
umbilital  veins  [ihnh  V),  which  carry  the  blood  that  has  been  aerated  in  the 
placenta  back  to  the  heart.     They  follow  the  border  between  the  end)iy- 

onie  area  and  the  yolk-sac  and  pass  forward  to  the 
head  end  of  the  embryo.  Here  (//)  the  two  veins 
unite,  and  at  the  union  there  are  given  off  a  second 
set  of  vessels  consisting  of  a  group  of  four  upon 
each  side,  the  aortic  arches  (.4.4).  which  pass 
backward  more  or  less  pacaHel  to  the  midline 
and  soon  reunite  to  form  a  single  vessel  on  each 
side,  the  primitive  aorta?.  (.10).  These  two 
ftortie  carry  the  blood  from  the  embryo  proper 
back  on  each  side  of  the  midline  to  the  numer- 
ous ramifications  in  the  placenta,  whence,  as 
we  have  seen,  it  is  returned  through  the  umbil- 
ical veins.  At  this  stage  the  heart  is  simply  a 
small  ilifatation  of  the  venous  tube,  and  the 
blood  is  propelled  by  the  pulsations  of  the  ves- 
sels throughout  their  entire  lengths.  There  is 
scarcely  a  widening  of  the  lumen  to  mark  the 
site  at  which  the  heart  will  develop, — namely, 
at  the  point  of  union  of  the  two  umbilical 
veins  just  behind  the  place  where  the  aortic  arches 
are  given  off. 

At  a  httle  later  stage  (Fig.  237)  we  find 
the  heart  the  form  of  an  S-shaped  tube  just 
ventral  to  the  pharynx  of  the  embiTO  to  wliich 
it  is  fixed,  and  already  two  dilatations  have 
taken  place  in  the  lumen,  forming  the  primitive 
sacs  of  the  ventricle  (D  and  the  auricle  (atrium) 
(-4),  The  point  of  union  of  the  veins  (sinus 
reuniens,  S  R)  has  been  pushed  further  backward.  The  umbilical  veins 
have  received  veins  entering  from  the  yolk-sac  (vitelline  veins)  as  well 
as  a  branch  (iluet  of  Cuvier,  D  Cur)  from  the  body  wall  on  each  side. 
The  duct  of  Cuvier  is  in  turn  formed  by  the  union  of  a  branch  to  the 
head  (jugular  vein,  Jug)  and  a  branch  (cardinal  vein,  Card)  extending 
downward  along  each  side  of  the  body  wall  and  giving  off  branches  to 
the  muscle  siegments.  The  veins  to  the  intestine  arise  from  the  vitelline 
vein,  while  the  umbilical  or  omphalomesaraic  veins  continue  as  before 
to  carry  the  blocjil  back  to  the  placenta  and  yolk-sac.  I 

Anteriorly  the  arterial  portion  of  the  circulatoiy  system  may  now  be 
observed  to  be  composed  of  the  truncus  arteriosus  {Tr  A),  a  continuation 
of  the  ventricle,  and  four  aortic  arches  each  now  corresponding  to  a  definite 


FlC.  237. — nuraan  embryo  4 
nim.long  (about  the  raurlh  «'e«k 
after  fertilisation  \  shown ng  the 
furllier  dexulopnu'nt  of  the  heart 
and  of  ihe  branchial  or  aortic 
arches  {A  A).  (Modified  from 
Km.)  The  heart  hu  aMumed 
mn  S  shape,  aail  is  dividnl  into 
a  Irunrus  arteriosuH  tTRA},  a 
single  ventriclo  (T),  and  a  ciiuglie 
auricle  (Al'K).  The  inner  en- 
dothehal  cardiac  tube  (Mliaded 
light)  ijtmuch  narrower  than  the 
outer  mu.«cular  lube  {MUS), 
On  eocli  *ide  the  jugular  veinii 
{JUG)  from  the  bead  unite  with 
the  canlinal  veinjs  ICARD)  from 
the  trunk  to  form  the  duct  of 
Cuvier  (D  rf'l'j  which  empties 
iotu  the  «inuj»  reuuicii4  {S  A). 
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visceral  (or  gill)  arch  of  the  eiiibr>*o  (^^^4).     These  branches  of  the  aorta 
are  of  great  importance,  for  from  them  the  carotid,  axillary*,  innominate, 
and  pulmonary  vessels  will  develop. 
As  the  embr>Tj  grows  older  (Fig. 
210)  the  heart  U  still  more  S-s^haped,  #  l  ^    Aa 


-SePT.V. 
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Fio.  238. — HflKrt  of  lui  embryo  slishlly  older 
than  that  shown  id  Fic-  237.  ahowiue  the  cArhttit 
stAK«n  ill  the  fortitfttiou  uf  twu  nurieut&r  aud  two 
ventricuUr  pouches.     (Drawn  from  •  His  model.) 


Fio.  2.39. — A  diagram  showing  the  interior  of 
thi«heort;  A'J..  aorta  or  trxiucu*  arteriosus;  SEPT. 
v..  iieptAim  of  the  ventricles;  OA  I'.,  nurjouloventric- 
ular  uhfice;  CA..  ranali.t  auneulan^.  or  auriculur- 
veDtricular  chaunel;  AVR.,  auricle^:  SM.,  mdum 
rnunipriA.  or  common  chamSer  into  which  the  two 
venii>  eavic  empty,  which  corresponds  to  the  siniM 
vcnoHiM  of  tlie  lower  vertebrate:*. 


A 
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Fio.  240. — Schema  to  «how  the  development  of  the  arterial  Byntem  from  out  of  the  primitive  aortie 
arehea.  A.  Schema  of  the  circuUitory  ny^rteni  at  atwut  the  »amc  stafce  as  Fig.  237.  I-Vl.  aortir  or  bran- 
chial arches  (the  fifth  branchial  arch  described  by  Tandler  ttrises  from  and  an»*tflmo«es  with  the  fuurtli. 
which  14  the  largest  of  the  branchial  arcbe*),  .\0.  AO.  primitive  aorta>;  /M,  PA.  rudimentary  pulmonarj' 
arleriei):  V,  primitive  common  ventride;  R.\,  LA.  auricuhir  pouchn.  fi.  Schema  of  the  adult  arterial 
ayiitem  derived  from  the  aortic  arches.  EXT  CAR.  external  carotid  artery  (3tl  archl;  I,\T  CAR,  in- 
ternal carotid  artery  (connectiug  ban<  of  tint  tltree  archer);  COM  CAR,  common  carotid  artery  comicct- 
ing  bar  between  third  and  fourth  arches.  A.  Tl»e  aorta  is  aeen  to  be  derived  from  the  fourth  branchial  arch, 
the  pulmonary  arteHe»  ari^  along  the  course  of  the  sixth.  The  duotiu  arterioifua  (Botalli)  repreeente  tlte 
distal  end  of  the  sixth  branchial  arch.  The  dotted  lines  indieala  the  outline  of  embryonic  arteriea  which 
have  atrophied. 

and  at  the  junction  of  the  two  halves  of  the  S  a  small  crescentic  infolding 
of  the  mu.scular  and  endothelial  wall  ha.s  hegiin  to  protnide  into  the  cavity 
of  the  ventricle  (interventricular  .septum,  Sept.  F.),  while  the  ascending 
limb  of  the  lower  half  of  the  S  represents  a  stenosis  in  the  lupien,  the  caualis 
auricularis  (CA.).  whose  narrowest  part  forms  a  small  slitj  the  ostium 
auriculoventriculare  (atrioventriculare)   (0.4  V'.). 
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The  development  of  the  interventricular  septum  continues  rapklly 
(Fig.  241),  and  also  a  similar  ridge  appears  running  longitudinally  along 
the  truncus  arteriosus,  changing  the  lumen  from  circular  to  U-.shaped, 
each  arm  of  the  U  being  a  channel  leading  to  the  corresponding  half 
of  the  ventricle. 

The  auricular  (or  atrial)  cavity  la  now  also  widened  into  two  symmet- 
rical pouches,  the  right'and  left  auricles,  the  cavity  of  which  is  continuoud 
with  the  junction  of  the  veins. 


[LAUR. 


in'A 
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Fia.  241. — A.  Heart  of  slightly  older  embryo  viewed  from  the  dorwl  aspect,  nhowing  the  oeparstion 
of  the  Rortic  aud  the  puliiiouBry  ohauuels  in  the  truncu.^  arteriosua.  (.Drawn  /rom  a  Hit*  model.)  B. 
DiaAratn  of  the  auricular  prirtiun  of  the  fiame  heart.  I^^ttering  a»  in  Fig.  239.  VE.  Ku«tachiaji  vatve. 
pepara(iiaig  the  f*inui«  frorti  the  auricular  portion  of  tho  heart.  The  arrowh  indicate  tlie  course  of  the 
bioixt-rurrRntii.  ('.  DiaKTOLm  of  ihe  ventricular  portinn  of  the  isame  heart,  «hawing  Ihe  couroe  of  the  cur- 
mitH  thruugh  the  separate  channels  uf  the  truucu.i  arl«rio»U8. 


The  trunk.s  of  the  veins  have  alreaily  undergone  considerable  changes, 
such  that  the  left  duct  of  Cuvier  is  now  atrophied,  and  njost  of  the  blood 
from  the  head  and  upper  limb  returns  to  the  heart  through  the  right  duct 
of  Cuvier,  foreshadowing  the  su{>erior  vena  cava,  while  the  blood  from  the 
placenta  returns  through  the  two  oniphalomesaraic  (or  omphalomenen- 
teric)  veins,  which  along  with  ana.stomoses  from  the  body  wall,  intestinal 
tract,  and  liver  will  form  the  inferior  vena  cava.  The  junction  of  the 
two  venae  cavse  forms  the  sinus  reuniens  which  oi>ens  into  the  auricular 
cavit}'.  In  the  wall  of  the  sinus  reuniens  at  this  stage  there  is  a  longi- 
tudinal valve-like  fold  of  endothelium  (VE,  Fig.  211,  B),  so  arranged  that 
blooil  from  the  superior  vena  cava  Hows  over  it  into  the  right  auricle 
(atrium),  while  the  blood  arriving  from  the  placenta  is  directed  under  it 
into  the  left  auricle. 
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Fig.  242. — Hlill  later  Htage.  nhowinx  com- 
plete ilivtBion  uf  the  truncus  arteriomiA  into 
pulninnnry  Brtery  and  AcirtR.  i  Drawn  from  a 
Boru  liiudel  of  n  mbtiil'M  embryo  10  mm. 
long.)  The  arrt>wii  show  the  ooun^e  of  the 
bluud-slream.     DA.  ductus  artericMU^. 


I 

i 
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Verj"  shortly  after  this  stage  the  most  important  changes  take  place 

in  the  heart  (Fig.  242).     The  two  channels  of  the  iruncus  arteriosus  are 

now  completely  separated  off  from  one 

anothei',   and  exist   a.s  distinct  vessels, 

the  aorta  {A(-f)  imd  tiic  pulnionaiy  ar- 
tery  [PA),  connectLHl   with  each   other 

at  only  one  point  through  the  ductus 

arteriosus  {DA).     The  interventricular 

septum  (septum  veutriculonim.  Ne/'f  V., 

I'lg.  241,  C)  is  now  found  to  be  almost 

completely    closed,    and    the.  ori^nully 

single    auriculoventricular    opening    is 

now  flivided  into  two  portions  (uiitiul 

and  tricuspiti,  Mil.  antl  Trir.)  separated 

by  the  ingrowth  of  the  sc'ptal  riilge.     In 

the    auricles    also   great    changes   have 

occurred.     The  greater  portion  of  the 

sinus  reuniens  has  !>een  drawn  into  the 

cavity  of  the  auricle,  and  exists  there  a.s 

a  separate  chamber,  whose  ri^lit  margin 

oi>ening  into  the  right  auricle  is  formed  by 

the  longitudinal  valve  (VE)   (descril>e(.i 

in  connection  with  the  previous  stage  of 

development.,  now  known  as  the  valvula  venosa  dextra,  or  Eustachian 

valve).     The  left  wall  of  the  right  auricle  is  f()rmp<l  by  the  septum  auricu- 

lorum,  which  has  grown  considerably, 
partlj"  through  the  gratlual  ingrowth 
of  the  septal  ridge  and  partly  by  the 
pushing  in  of  a  niass  of  connective 
tissue  arising  from  the  latter  and  from 
the  left  wall  of  the  sinus  reuniens 
and  known  as  the  septum  inter- 
|>usituin.  The  left  wall  formed  in 
part  by  the  wall  of  the  vein  is  im{>er- 
fect,  and  on  the  left  the  cavity  extends 
over  to  the  auricular  septum  (sep- 
tum at  riorum).  This  septum  has 
also  not  completely  closed,  and  the 
r-efonstruction  (Fig,  2  4  3)  from  a 
model  by  Born  at  this  stage  shows  a 
double  opening  I>etween  the  two  auri- 
cles. At  a  later  stage  (Fig.  245,  B) 
these  openings  have  broken  down 
into  one,  the  foramen  ovale,  and 
it  is  the  opinion  of  Born,  in  opposi- 
tion to  His,  Sr.,  that  the  latter  struc- 
ture  is   of  8econdar>'   formation   and   does  not   arise   tSirectly   from   the 

primitive  interauricular  openings,  although  it  {X'rforms  the  .same  function, 

— namely,  of  allowing  the  blood  to  pass  from  the  right  into  the  left  auricle. 

34 


Fio.  243, — Auricular  end  of  the  same  heart. 
TltrblcMxl  ent«rA  through  the  superior  ami  inferior 
vena  cava  (SUP.VX'.,  IXF.V.C.^  ititx>  the  fimu» 
reuniens  [i^R),  which  w  separated  from  the  right 
auricle  {R.AL'R.)  by  the  Eustachian  valve  {VE), 
which  at  this  stage  ftiruiK  a  large  partiliun  between 
the  two  cavitiee.  The  foramen  ovale  {FOH.OV.) 
connects  the  ninu?  reunion*  with  tlie  right  ventri- 
cle; it  i«  divided  inlu  two  partj«  by  a  thin  lamina 
formed  from  t>ie  interauricular  septum.  TRIC, 
tricxwpid  oritice;  F.V„  pulmonary  veins. 
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In  the  later  stages  a  valve-like  flap  of  connective  tissue  projects  over  the 
foramen,  allowing  the  blood  to  flow  only  from  right  to  left. 

DEVELOPMENT    OF    THE    PERICARDIUM. 

The  pericardial  cavity  develops  as  a  part  of  the  original  body  ca\'ity 
or  caelom,  from  which  it  is  separated  at  a  later  stage.  In  the  earliest  em- 
bryos (Fig.  236)  the  pericardial  cavity  ari.ses  as  a  small  space  lined  with 
endothelium,  surrounding  the  blood-vessel.-s  on  each  side  of  the  embryo 
(Fig.  244,  A).  These  two  spaces  or  cavities  unite  at  the  head  end  of 
the  embiyo  to  form  a  single  pericartlial  cavity  wliich  surrounds  the 
primitive  heart.     At  a  slightly  later  stage  the  heart  and  the  pericardial 
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Fio.  244. — Development  of  the  pericardial  cavity.  A.  EIar1ie»t  atage  in  the  development  of  tha 
pericardial  cavity,  (.^fter  Kohiji»on.)  i^mhryo  cHjrre*j>oiid»ng  rouglily  U>  the  atage  shown  in  Fig.  2."Jfl.  E, 
ectoderm;  C,  ccplom;  fn,  ent<xlertn;  P/J.  (iritaitive  blood-vettsel.  Hie  pericardial  cavity  in  reprewnted  by 
the  part  of  the  copjom  pieseiit  nt  this  level.  B.  Lat«r  stage  showing  tlie  di\'iaiQa  of  ecelom  into  pleural 
and  pericardiAl  cavity.  (ScheiitatJc.)  The  arrow  puints  to  the  channel  connecting  the  two  ca\4lic«.  C. 
Relations  of  the  pericardium  in  the  adult.    (Schematic).     ANTER.  MEDIAST.,  anterior  mediaetinuni. 


cavity  lie  upon  the  ventral  aspect  of  the  phar\*nx  and  the  pericardial 
and  pleural  cavities  together  form  the  anterior  or  cephalic  portion  of 
the  ca'lom. 

At  a  later  stage  (Fig.  244,  B)  the  heart  has  grown  to  fil!  almost  all  the 
ventral  portion  of  the  ca4om  in  its  vicinity,  ami  about  its  contour  the 
connective  tissue  of  the  body  wall  is  doling  in,  as  shown  by  the  arrow, 
beginning  to  divide  the  original  coelomic  cavity  into  a  pleural  ami  a 
perir.'irdial  portion. 
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in  Fig.  244,  C  this  closure  has  become  complete,  and  we  have, 
represented  in  rough  diagram,  the  conditions  present  in  the  adult  chest. 
The  pericardial  cavity  is  completely  separated  from  the  pleural  cavity, 
and  is  lined  throughout  by  a  single  layer  of  flat  endothelial  cells, — 
the  portion  growing  directly  upon  the  heart  called  the  epicardium, 
and  the  portion  forming  the  opposite  wall  of  the  pericardial  cavity,  the 
pericardium  proper. 

The  pleural  cavity  has  now  grown  more  extensive  than  before,  owing 
to  the  growth  of  the  lungs,  which  have  pushed  forAvard  along  the  sides  to 
well  in  front  of  the  heart  and  almost  to  the  midline,  leaving  a  narrow  pleural 
cavity  between  them  and  the  chest  wall.  Like  the  pericardial  cavity  the 
pleural  cavity  is  lined  with  endothelium  which  extends  partly  over  the 
lung  (visceral  pleura)  and  partly  along  the  thoracic  wall  (parietal  pleura). 
The  anterior  portion  of  the  visceral  pleura  passes  over  the  pericardium, 
from  which  it  is  separated  only  by  a  very  thin  mass  of  connective  tissue, 
occasionally  containing  fat-cells.  The  three  layers — pleural  endothelium, 
connective  tissue,  and  pericardial  endothelium — are  so  closely  fused  that 
together  they  are  generally  designated  as  the  pericardium,  of  which  one 
speaks  of  the  pleural  and  pericardial  surface.  The  pericardium  does  not 
extend  quite  to  the  chest  wall,  while  the  pleura  does  so,  and  ventral  to 
the  heart  we  find  a  small  space  filled  by  connective  tissue  and  known  as 
the   anterior   mediastinum. 


PHYSIOLOGY  OF  THE  FETAL  CIRCULATION. 

The  blood  of  the  foetus  is  aerated  in  the  placenta  and  passes  back 
through  the  umbilical  veins  and  through  the  ductus  venosus  (D.V.)  to 
the  inferior  vena  {V.C.I.),  without  passing  through  the  liver.  The  sinus 
reuniens  has  now  become  part  of  the  main  cavity  of  the  auricle,  and  the 
inferior  vena  cava  {V.C.I.)  empties  into  the  latter  near  the  septum  ventric- 
ulorum.  Over  its  mouth  pass  the  remains  of  the  Eustachian  valve  (val- 
vula  venosa  dextra)  which  directs  the  blood  not  into  the  right  auricle  but 
away  from  it  across  the  right  auricle  to  the  limbus  fossaj  ovalis.  According 
to  the  views  of  Galen  and  Harvey,  the  blood  from  the  superior  vena  cava 
and  that  from  the  inferior  are  mixed  in  the  right  auricle  before  any  of 
the  stream  passes  to  the  left  auricle.  Haller  and  Sabatier,  however,  believed 
that  no  such  mixing  took  place,  but  that  all  the  blood  from  the  inferior  vena 
cava  (aerated  blood)  passed  across  to  the  left  auricle,  while  the  blood  from 
the  superior  vena  cava  passed  down  into  the  right  ventricle.  Pohlman 
has  recently  given  an  excellent  review  of  the  subject.  He  has.  investigated 
it  experimentally  on  the  fetal  pig's  heart  by  injecting  starch  granules  into 
the  superior  vena  cava  in  some  living  fetal  pigs  and  into  the  inferior  vena 
cava  in  others.  The  hearts  were  then  removed,  and  the  bloods  in  the  two 
ventricles  and  auricles  were  shown  to  contain  the  starch  granules  in  equal 
amounts,  confirming  the  theory  of  Galen  and  Harvey.  Pohlman  introduced 
capillar>'  glass  tubes  into  the  two  ventricles  and  demonstrated  that  the 
pressures  within  them  were  equal.  The  blood  from  the  left  ventricle  passes 
at  first  to  the  innominate  and  carotid  and  subclavian  arteries,  below  which 
the  aorta  is  joined  by  the  ductus  arteriosus  Botalli.    The  blood  from  the 


DISEASES  OF  THE   HEART   AND   AORTA. 

right  ventricle  passes  into  the  nmin  trunk  of  the  pulmonan'  artery,  from 
whk'h  about  one-ftfth  enters  the  rami  pas.sin^  to  the  lungs  and  about  four- 
fifths  pa.sseH  onwarii  through  the  tiuetus  arteriosus  and  enters  the  descend- 
ing aorta.  As  the  ductun  arteriosu.s  carries  a  Hltle  more  blood  than  the 
descending  aorta,  the  voUinie  of  Ijlood  in  the  aorta  U  more  than  doubled 
and  the  lumen  considerably  widened  below  its  entry.  The  blood  below  this 
point  goes*  to  the  kidneys,  the  alimentar>'  tract,  the  bladder,  and  the  lower 
limbs,  and  the  rest  goes  on  through  the  umbilical  arteries  {Unib.  A.),  to  be 
aerated  in  the  placenta  and  returned  as  described  above. 
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Fio.  245.— A.  The  circulation  in  the  f<i>tui*  just  before  birth.  Coutw  of  the  blood  to  and  from 
the  placenta.  (8etni-«cheinatic.)  UMB  A,  I'Mti  V,  umbilicHl  art^^ry  and  umbilicai  vein;  DV,  ductus 
venofliM.  B.  The  heart  ju«t  before  birth.  The  ooune  of  the  blood-dtream  is  indicated  by  the  arrows. 
VCS,  VCI,  superior  and  inferiur  vena  cava. 
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These  are  the  conditions  present  up  to  the  time  of  birth.  After  the 
first  respiration  the  expansion  of  the  lungs  greatly  reduces  the  resistance 
in  the  pulmonary  circuit,  so  that  it  becomes  less  than  that  in  the  aorta, 
and  most  of  the  blood  is  diverted  from  the  ductus  arteriosus  into 
this  new  channel  of  low  i-esistance.  Hence  it  persists  only  a  year 
or  so  after  birth  and  soon  becomes  changed  into  a  simple  strand  of 
connective  tissue. 

On  the  otiier  hantl,  the  pressure  in  the  left  auricle  becomes  greater 
than  that  in  the  right,  and  the  valve  of  the  foramen  ovale  is  therefore 
kept  closed  against  the  septum,  and  soon  becomes  organized  as  a  part 
of  the  latter. 

With  the  cessation  of  placental  circulation,  the  ductus  venosus  loses 
its  physiological  importance  and  soon  undergoes  atrophy  and  closure. 
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CLASSIFICATION  OF  CONGENITAL  HEART  LESIONS. 

Classifications  of  congenital  heart  lesions  are  difficult,  and  from  a 
clinical  stand-point  not  always  satisfactory.  From  the  anatomical  stand- 
point they  may  be  classified  as  follows: 

I»  Malformations  about  the  heart. 

1.  Malformations  of  the  chest  wall  (ectopia  cordis). 

2.  Malformations  of  the  pericardium. 

II.  AbnormaUties  in  the  position  of  the  heart. 

1.  Heart  on  the  right  side  (dextrr)cardia  or  dexiocardia). 

2.  Position  of  all  the  organs  inverted  (situs  transversus). 

3.  Heart  situated  in  the  neck  (cervical  heart). 

4.  Heart  situated  within  the  peritoneal  cavity  (abdominal  heart). 

III.  Abnormalities  of  the  valvular  orifices. 

1.  Pulmonary  stenosis  or  atresia.  . 

2.  Superntmierary  or  defective  cusps  of  pulmonary  valves. 

3.  Tricuspid  stenosis  or  insufficiency;  malformation  of  the  valve. 

4.  Aortic  stenosis;  atresia  of  the  aorta;  Malformations  of  the  aortic  valve. 

5.  Mitral  stenosis;  malformation  of  the  mitral  valve. 

IV.  Defects  in  the  septa. 

1.  Interventricular  septum. 

a.  In  the  septum  membranaceum. 

6.  In  the  muscular  part  of  septum  (below). 

2.  Interauricular  septum. 

a.  Defect  or  absence  of  valve  of  the  foramen  ovale. 

b.  Valve  normal  but  not  closed. 

c.  Defect  between  the  muscle  strands  in  the  lower  portion  of  interauricular 

septum. 
V.  Abnormalities  in  the  cavities. 

1.  Supernumerary  septa. 

2.  Cor  biatriatum  triloculare. 

3.  Cor  biloculare. 

4.  Cor  biventriculatum  triloculare. 

5.  Bifid  apex. 

6.  Double  heart. 

VI.  Deviations  of  the  septiun  cordis  with  transposition  of  vessels. 
VII.  Persistence  of  ductus  Botalli. 
VIII.  Abnormalities  of  the  aorta. 

1.  Coarctation  of  the  aorta. 

a.  Above  the  ductus  arteriosus. 

b.  Below  the  ductus  arteriosus. 

2.  Hypoplasia  of  the  aorta. 

3.  Malformations  of  the  aortic  arch. 

IX.  Abnormalities  in  the  arrangement  and  formation  of  the  veins. 

GENERAL   CHARACTERISTICS. 

Such  a  purely  anatomical  classification,  though  sufficiently  complete, 
does  not  furnish  a  good  basis  for  the  study  of  the  cardiac  malforma- 
tions, because  it  does  not  take  into  account  the  relation  of  the  indi- 
vidual lesions  to  one  another.  For,  since  these  lesions  are 
usually  produced  in  groups  rather  than  singly,  it 
is  quite  as  important  from  a  clinical  stand-point  to  recognize  these 
groups  and  understand  their  effect  upon  the  circulation  as  to  recognize 
the  individual  lesions. 

Moreover,  as  will  be  seen,  the  mere  clinical  manifestations  show  great 
similarity  in  the  various  lesions,  and  may  be  summed  up  in  what  may  be 
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termed  the  "syndrome  of  congenital  heart  lesions;"  or, 
in  the  words  of  Peacock  (1866),  "the  characteristic  symptoms 
of  malformations  of  the  heart  —  cyanosis  (especially 
from  birth),  palpitation,  dyspnoea,  faintings,  occa- 
sional convulsive  attacks  and  lividity."  Moreover,  the 
most  common  physical  sign  of  many  congenital  lesions  is  a  loud  superficial 
murmur,  most  intense  in  the  second  and  third  left  interspaces  at  the  sternal 
margin  in  both  systole  and  diastole  and  often  heard  over  the  entire  pre- 
cordium  and  the  arteries  as  well. 

ETIOLOGY. 

As  Lancereaux  has  well  said,  "cardiac  teratology  repre- 
sents the  pathology  of  intra- uterine  life."  The  chief 
pathological  conditions  which  affect  the  development  of  the  fcetus  may 
be  classed  as — 

1.  Inflammation  (fetal  endocarditis  or  myocarditis,  the  formation  of 
adhesions  about  the  heart  or  vessels,  etc.). 

2.  Abnormal  torsions  of  the  cardiac  tube. 

3.  Underdevelopment  of  heart  or  branchial  arches. 

These  processes  lead  directly  to  the  production  of  malformations 
which  may  be  designated,  as  primary  congenital  lesions,  such  as  stenosis 
and  atresia  of  the  pulmonarj-^  artery,  transposition  of  the  great  vessels, 
stenosis  at  the  isthmus  of  the  aorta,  etc.  The  presence  of  these  lesions  in 
the  foetus  in  turn  exercises  its  effect  upon  the  circulation,  which  alters  the 
course  of  development  and  brings  about  secondary  congenital  lesions. 
The  developmental  mechanics  which  results  in  the  formation  of  such 
groups  of  lesions  is  well  illustrated  in  pulmonary'  stenosis  and  atresia,  the 
commonest  of  congenital  heart  lesions  which  may  be  considered  as  the 
prototype. 

PULMONARY  STENOSIS   AND   ATRESIA.* 

The  commonest  of  all  the  primary  congenital  lesions  is  pulmonary 
stenosis,  occurring  in  2.34  (68  per  cent.)  of  the  366  cases  of  congenital  heart 
disease  reported  by  Peacock  and  by  Keith.  Two  causes  have  been  ad- 
vanced to  explain  its.  occurrence :  (1)  endocarditis  in  fetal  life;  (2)  defec- 
tive development  of  the  pulmonary  artery. 

1.  Bouillaud  (1835)  ascribed  it  to  endocarditis  in  fetal  life. 
This  theory  seems  certainly  to  be  applicable  to  those  cases  in  which  the  semi- 
lunar valves  have  already  formed,  but  just  as  in  the  adult  have  fused  along 
the  lines  of  closure.  This  is  well  shown  in  Fig.  2'16  and  in  a  case  figured  by 
Peacock.  Moreover,  a  number  of  cases  have  been  reported  in  which  rheu- 
matism or  infectious  disease  in  the  pregnant  mother  has  led  to  the  occur- 
rence of  endocarditis  in  the  fcetus.  On  the  other  hand,  it  must  be  borne  in 
mind  that  in  329  (,S2.')  per  cent.)  of  399  cases  of  pulmonary  stenosis  col- 
lected from  the  reports  of  Rauchfuss,  Vierordt.  and  Abbott  the  interven- 

•.•\trc8ia — (Greek  nr(ti,ro<:  (atn'tos),  not  j>erforate<l),  from  n  =  not,  and  tpfiai^  —  a  bor- 
ing =  absence  or  extreme  constriction  of  any  natural  passage  or  opening  of  the  body. 
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tricular  septum  remained  incomplete,  indicating  that  the  primary  lesion 
had  taken  place  before  the  time  at  which  the  septum  had  closed  (eighth 
week  of  enibryonif  life).  As  Osier  has  pointed  out,  **  It  is  not  easy  to 
imagine  a  fetal  endocarditis  localized  to  so  small  an  area  as  the  pulmonarj' 
valves  must  be  before  the  eighth  week  of  fetal  life."    To  this  ver}'  objec- 


Fio.  2'»fi.^Pulnionar>'  st«iow»  due  to  fusion  of 
th«"  cu»p*.  lOrawn  fr<ini  n  «ppcimen  m  the  Army 
M«Mh(»l  MuMnifii,  WasthtxiRtoii,  I),  f.)  There  in 
aim  »  twtvtjt  iiiterventritul&r  septuot. 


INF. 


Fir,.  247. —  Puliuonnry  Bt*»nn«is  due  to  »  ]e<ion 
of  the  infiindihulum.  iHravkn  from  «  .<«pecimrn  in 
the  Army  Mnlical  Miij»euni,  W&.*liinKtnu.  D.  C.) 
ISF,  iatiuKlibuUr  port^iofi  of  the  right  veutriele. 


tion,  however,  the  advocates  of  this  theory  might  reply  that  in  very  many 
cases  the  lesion  is  by  no  means  confined  to  the  cusps  of  the  valves,  but  in- 
volves the  entire  infundibulum,  over  whieh  the  endocardium  may  be  thick- 
ened and  shrivelled  (Fig.  247).  Sor  tloes  it  necessarily  follow  that  even 
though  the  interventricular  septum  has  once  closed  it  must  remain  so, 


PATENT 

INTERVENTRICULAR 

8EPTUM 


PULMONARY  ARTERY 
PII.MON.XRY  OIUFICE 


Fi«.  a4S.— Cfimplpte  pulinotidry  utre^ia.  (t>rawn  from  h  sprcimen  In  the  Army  MedirAl  Mupeuni. 
WftfttiJnittaB,  D.  t'.i  The  pulj»>oimr>  urtery  ends  an  u.  blini  mic  ^^^lowIl  by  broken  line?)  junt  iibr>ve  tlie 
ilot  whirh  mark.*  the  clos««J  pyhiuinan.'  orifice. 

since  it  may  rupture  under  increased  pressure  or  ulceration  may  result 
from  the  fetal  endocarditis.  Such  phenomena  have  occasionally  been 
observed    (.Vbbott). 

•J.  The  malformation  may  also  arise  by  "  i  r  r e  g  u  1  a  r  evolution 
of  the  branchial  arches."  Panum  has  shown  that  malformations 
can  be  produced  experimentally  in  birds  by  raising  the  temperature  of 
incubation  (fever  in  the  mother);  and  }lis  believes  that  at  least  a  consider- 
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able  portion  of  malformations  result  from  "  disturbances  of  developmental 
conilitions  caiij«^(l  by  insufficient  nourishment,  insufficient  aeration  of  the 
blooci,  und  niechanieal  causes  resulting  from  malpositions  of  the  uterus,  dis- 
turbed placental  circulation,  etc," 

It  must  be  recalled  that,  as  shown  by  Hathko  in  1.S43,  the  pulmonary 
tery  separates  from  the  rest  of  the  truncus  arteriosus  about  the  eighth  week 
of  embryonic  life,  along  with  the  remains  of  the  sixth'  left  brancliial  arch 
which  forms  the  ductus  arteriosus  and  the  left  pulmonary  artery  which 
springs  directly  from  this  arch  (Figs.  240  and  249).  The  right  pulmonary 
artery,  according  to  Bremer,  has  sprung  in  a  similar  manner  from  the  right 
fifth  branchial  arch,  but  the  latter  has  atrophied  and  is  now  represented 

oidy  by  the  small  segment  con- 
necting the  right  pulmonary 
arteiy  with  the  truncus  pul- 
monalis.  In  the  twisting  of  the 
cardiac  tube  and  separation  of 
the  \'entricles  the  part  of  the 
truncus  arteriosus  corresponding 
to  the  pulmonary  artery  pro- 
trudes ventrally  while  the  aortic 
portion  protnnlesdorsally.  The 
truncus  pulmonalis  thus  repre- 
sents the  ventral  half  of  the 
truncus  or  bulbus  arteriosus  and 
springs  directly  from  the  in- 
fundibulum  of  the  right  ventricle 
(Fig.  2411).  Stenosis  or  atresia 
may  therefoi-e  take  place  from 
arrest  of  development  in  three 
places:  1.  In  the  tnmk  of  the 
pulmonaiy  artery  between  the 
Bcniilunar  valve  and  the  point 
of  branching, — i.e.,  where  the 
pulmonary  artery  is  in  close 
contact  with  (and  perhaps 
pressed  upon  by)  the  main  trunk  of  the  aorta.  (This  condition  is  represented 
in  a  ca.se  of  Peacock's  series,)  2.  At  the  orifice  itself  (as  in  Fig.  246), 
from  fusion  or  stenosis  of  the  valves.  3.  Below  the  valves  and  within  the 
infundibulum  of  the  right  ventricle,  as  in  Fig.  247.  In  some  cases  a 
supernumerary  .septum  may  separate  the  infundibulum  from  the  main 
cavity  of  the  right  ventricle,  thus  producing  the  so-called  thinl  ventricle. 
Peacock  regarded  this  structure  as  representing  the  condition  present 
in   the   turtle,    but  states  that    "such   separation"    (into    two  cavities) 


Ftn.  249. — Schema  lIluBtmtinj  the  genesix  of  pul- 
monary stenoRJR.  A.  Fusion  of  the  nist>».  B.  Fetal 
enrjociinlitii*  aflt'Cting  the  infundibulum.  V.  Normal 
tntxle  of  ilevphjpmpnt  of  the  aortic  brancliiul  arche*. 
I>.  Mal(lm'eloprn«tiit  uf  the  sixth  brauchial  arch,  lending 
to  pulniODary  atresia. 


'  R.atlik»?,  His,  and  the  oKler  writers  s]»e:ik  nf  I  he  liu^t  hranchinl  nrch  from  which  tlw 
pulmonary  Qtlery  arises  as  the  fiftli  branchial  arch;  but  Tamller  (Zur  Knt wick.tiines«»- 
chtchte  <lpr  Koj)farterieti  im  iten  Mtunnialin.  Morphol.  Jahrh..  Leipg.,  1902,  xx\,  275)  hua 
recently  shown  that  a  smull  nulmientary  arch  is  present  upon  the  aanie  Hteuj  with  the 
fourth.  He  tentj*  this  small  arch  (which  playa  no  )ni)wr1,ant  r6le  in  development)  the 
fifth,  and  the  pultxionary  arch  occonlingliy  becomes  the  sixth. 
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"may  be  produced  in  different  ways.  It  may  depenrl  simply  on  undue 
development  of  the  ortliiiftiy  inu.'^culHr  hands,  or  on  thi.s  in  conjum'tion 
with  thifkeiiiiig  of  the-  fridorardium  or  Hubjiirent  fibrous  tissue."  Ke- 
oently  Arthur  Keith,  of  London,  has  revived  Peacock's  idea  that  this  is 
the  portion  of  the  heart  which  is  homologous  with  the  bulbus  vordis  of 
the  lower  animals,  and  which,  as  CJreil  has  .shown,  becomes  incorporated 
into  the  .substance  of  the  ventricle  (infundibulum)  ju-st  a.s  the  .sinu.s  is 
swallowed  up  by  the  auricle.  Keith  believe.s  that  the  jjeriod  during 
which  this  i.s  taking  place  represents  the  crucial  epoch  in  t!ie  production 
of  malformations.' 

Certain  it  is  that  most  fetal  lesions  arise  about  the  time  when  the 
pulmonary  artery  and  the  aorta  and  the  remunnts  of  the  branchial  arches 
ai-e  takint;  their  final  form,  ths  interventricular  septum  i.s  Incoming  com- 
plete, and  the  original  portions  of  the  branchial  arches  are  disappearing,— 
I.e.,  between  the  fourth  and  the  eighth  week  of  fetal  life. 


SECONDARY    M.\LFORMATIOXS. 

A,s  hjus  been  .stated  above,  stenosis  of  the  pulmonarj'  orifice  results 
in  stasis  within  the  right  ventricle,  and  the  blood  is  forced  to  take  a 
new   channel. 

Patent  Interventricular  Septum  with  Pulmonary  Stenosis. — In  80  per 
cent,  of  the  cases  of  i>ulmonary  stenosis  the  interven- 
tricular septum  is  still  open,  and  the  blood  is  forced  through 
the  open  septum  and  passes  up  through  the  aorta.  As  the  condition  ia  a 
permanent  one,  the  current  through  the  septum  continues  and  its  closure  is 
prevented  (sta-sis  theory  of  William  Hunter  and  Kussmaul).  In  rare  cases, 
and  esjK'cially  those  in  which  the  .stasis  appears  at  a  very  early  stage,  the 
blood  current  eddies  through  and  keepa  open  a  passage  l>etween  the  muscle 
strands  at  the  base,  in  contrast  to  the  usual  defect  at  the  septum  mem- 
branaceum.  This  ojK^ning  at  the  biise  of  the  septum  is  often  accompanied 
by  defects  in  the  mitral  or  tricuspid  valves. 

Dextroversion  (Rechtslagej  of  the  Aorta.  —  Moreover,  the  pressure 
upon  the  septum  tends  to  dellect  it  toward  the  left  and  still  further  enlarge 
the  septal  o|iening  (Figs.  24!S  and  2.50). 

Ill  most  cases  the  deflection  of  the  septum  to  the  left  is  so  great  that 
the  aorta  comes  to  he  in  the  axis  of  the  right  ventricle.  The  cavities  thus 
come  to  form  an  inverted  Y  whose  arms  are  formed  by  the  ventricles  and 
whose  shaft  is  the  aorta.  Since  the  shaft  is  inclined  to  the  right,  tliis  gives 
the  appearance  as  though  the  aorta  arose  directly  from  the  right  ventricle 
(Rechtslage — dextroversion  of  the  aorta).  This  condition  is  present  in 
the  majority  of  the  ca.ses  i-eported  by  Abbott,  es|jecially  in  those  in  which 
there  is  complete  atresia  of  the  pulmonary  artery  (Fig,  24S). 


'  It  is  possible  that  in  some  cases,  like  those  fiia^ured  by  Keith,  the  ruclimeiitarj'  ecpta 
represent  endocaniial  [xwkpts  upon  Hie  wttll  «f  the  ventricle.  Sehmiiike  (Kmlokftrtli.tte 
TaschenbildiinK  bei  -VortciiinsutKzienz.  Arcli.  f.  path.  .Vnat.,  etc..  Bt-rl.,  IIKIH.  cxcii,  M)\ 
has  show-n  that  similar  |K>cket«  may  be  formed  in  ll»e  left  ventricle  by  liie  im|iact  of  u  re- 
gurgitant blood  stream. 


U\ 
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open  Ductus  Botalli. — When  the  stenosii5  i*eaches  a  considerable  grade, 
much  of  ihe  lilood  that  reufhes  the  lungs  must  pass  to  them  from  the  aorta 
buck  throu|:;!i  the  <luftus  artericdus  (Botalli)  (Fig.  256),  which  i.s  therefore 

forced  to  reniiiiii  ojjon  uftei  birth. 

Open  Foramen  Ovale.  —  If  the 
intraventricular  septum  has  closed 
before  the  puimonar\'  stenosis  has 
occurred,  the  resuhinjy;  stasis  causes 
a  rise  of  press«ure  in  the  right  auricle, 
and  the  path  of  least  re.sistunce  to 
blootl  How  i.s  through  the  foramen 
ovale  to  the  left  auricle.  The  stream 
in  this  direction  is  therefore  larger 
than  iLsuul  and  pi-events  the  initial 
sclerosis  about  the  foramen,  or  even 
pi-eserves  a  channel  in  the  lower  part 
of  the  septum,  so  that  sometimes  (as  iu 
Fig.  250)  the  valve  of  the  furanien  may 
clo.se  and  a  breach  through  thi.s  i)or- 
tionof  the  .^ptutn  still  remain  patent. 

Three-chambered  Heart  (Cor  bia- 
triatum  triloculare) ,  —  When  the 
atresia  is  comjilete  and  the  intraven- 
tricular septum  is  closed,  the  right 
ventricle  becomes  converted  into  a 
blind  sac  into  which  no  more  blood 
can  enter.  The  tricuspid  orifice  thus 
falls  into  disu.se,  and  the  valve  under- 
goes stenosis  and  atresia  until  it  is 
completely  closed.  The  cavity  of  the 
right  ventricle  remains  only  as  a  small 
bhiid  sac  in  the  wall  of  the  left,  from 
w hirh  the  aorta  arises,  cur  biatriatum 
trilorulare  (Fig.  251). 

Lesions  of  the  Peripheral  Vessels. 
— The  abnormalities  in  structure  sec- 
ondary to  congenital  heart  diseases  are 
by  DO  means  confined  to  the  heart,  but 
especially  involve  the  finer  ramifica- 
tions of  the  vessels.  Recent  experimen- 
tal ijivestigations  throw  much  light 
upon  the  distribution  and  formation 
of  these  abnormaUties  in  a  manner 
which  is  of  great  practical  importance. 

J.  Loeb  in  1803  was  the  first  to  tlemonstrate  eX|»criniciit:illy  the  effort  of  injury  to 
the  heart  Ufx>n  (levolopmeiiL  He  poi.soiied  tho  hoarts*  of  Jtish  iFimdulu;*)  embryos  by  teni- 
porarv'  immersiini  iu  15  |»er  wnr.  IC(  1  Molutioii,  ami  iumul  t)iut,  though  the  hearts  of  such 
f^nibryos  did  not  Jwat  at  alL  iieverl  heless  (hesie  embryon  reiwhtnl  adult  stage,  and  differed 
from  nonriMl  HhJi  chiefly  in  (ho  irroguhir  .•ilnielure  of  their  blood-vessels.  Knower,  working 
nitli  frog  tadftoles,  hits  recently  coulinited  Loeb's  obser\'aiiona,  but  studied  the  changes 
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Fia.  2fi0.— Current*  ami  lines  of  foroe  in  the 
embryonic  heart  'which  rwult  from  puimonary 
utenoi'isi  uml  ten<l  to  pnxJiic^  patency  ff  ih*  Aepta 
nmi  of  the  iliictufii  nrteriasus.  A.  Veuiricular 
efwl  «f  ibe  fetal  heart  il>f?{ore  the  eightit  week  of 
rmhrj'oiiic  lif<?).  B.  Auricular  end  of  tlic  fetal 
hmrt  nt  the  same  s^tage.  /'  A .  pulmonnrj-  artery, 
/)  A.  (luptus  arterio^uc  ^Botnlli );  R  A,  right  auri- 
ele;  ft  V.  richt  ventrirle;  L  A,  left  auricle;  L  V, 
left  ventricle;  F  O.  foramen  ovale.  The  large 
arrows  iudirate  blood  curreiii.*,  the  black  within 
the  ventricle!*,  the  white  ihoM  within  the  auricles. 
Tlic  «[n«U  arrow*  indicate  the  force:»  tcniling  to 
dilate  the  heart  and  \*i  deflect  the  Mept«.  In 
ciise*  of  extreme  gradeji  of  puliitonary  atresia 
l>ie  current  in  the  ductus  arteriof^u*  flow?  from 
aorta  to  pulmonary  artery,  instead  of  in  the 
reverM  direction. 
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in  more  detail,  atifi  luus  foutul  that  after  mechaiiicul  or  chetnical  (aoetone-thloroforru) 
injury  to  tlie  lieart  the  embryos  usually  tieconie  very  oedematous  an«l  are  le:*^  atlvaiiced 
llian  the  coritr»jls.  These  eitihryoF.  accorditif?  to  Mall,  are  very  simiUir  to  the  fiwlematouK 
iiiuleH  freiimently  met  with  in  gymecolugicul  |)r:ictice.  Ktiower  tiLso  foumi  that  the  devel- 
oprnt-nl  of  the  hraiu,  inlestiiioa,  liver,  and  paticrea-s  is  retarded,  "both  arteries  and  \"ein8 
very  nruch  distended,  ami  follow  very  irregular  courses.  ...  I  n  m  o  «  t  cases 
^he  first  precapillary  loops  are  represented  ljy  large  xinusefl, 
.  but  there  is  a  notable  absence  of  capillaries  in  the  fin.  The 
smaller  vesfjeis  do  not  ]»»sh  out  nor  fonn  characteristir  plexiiiies.  Their  developmei»t  is 
inhihite<l.  The  weaker  the  heart -!(eat  in  fact  the  less  doe-s  the  blood  flow  outward  from 
the  larger  vessels  and  precapillary  loojw."  Similar  chanj^es  hail  already  been  deHcril>ed 
by  Pamiin  and  Dareste  in  chick  embryos,  by  Stockard  upon  fi.sh  en)br\'os  |x»isoned  with 
lithium,  and  Ity  Bardeea  niton  ti»ad>i  which  had  l)een  fertilize*!  with  s{H?nn  previou«Iy 
exjx)sed  to  tlie  action  of  X>ray».  Knower  aba  notes  that  similar  malfoniiatioiw  ane  com- 
mon in  frogs  at  the  end  of  the  breeding  season  (when  the  sjjenu  tuuy  well  be  weakened). 

Thf*  secondary  changes  in  man.  outside 
of  ill!'  heai't,  aie  ((iiite  homolojiuii.s  with  tho.>*p 
iu  iiiiiinals.  Tht^se  are  eHi>et'ialIy  underdevel- 
opment in  stature  and  in  intelligence  and  the 
occurrence  of  nialfoniiations  of  the  arterioicH 
and  venules.  Jitst  a.s  in  Knower's  frogs,  there 
is  a  dilatation  and  irregularity  of  venules  often 
in  the  skin,  vi.scera,  and  retina  (Fig.  253), from 
which  hemorrhages  frequently  take  place. 
Thickening  and  ehibbing  of  the  entls  of  the 
fingers  (clubbed  fingers,  Fig.  254)  also  take 
place,  from  proliferation  of  the  connective 
tissue  as  a  result  of  the  venous  stasis. 
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Fiij.  2.51.— Tlircc-oliBinboreii  Imrt 
(cor  biatnaium  Iriloculure)  pnxluced 
by  complete  alrertia  of  the  pulmonary 
ftnd  triruspid  orifices.  (Frotn&«pMi- 
meti  iti  thr  .\rtiiy  Me*lical  Muueum, 
Wa><lMii||{t<.Mi,  D.  C.\  RCD,  rudimen- 
lary  cavit.v  f<>rresp«n<ling  to  the  right 
VMit rifle;  F  O,  furatueri  ovaJe.  Tlip 
arrows  indicate  tlie  courw  of  the 
blood  Btreanj. 


The  effect  of  pulmonary  stenosis  upon  the 
mechanics  of  the  circulation  in  the  adult  is 
very  marked.  In  the  first  place  it  brings 
about  a  fall  in  blood-pressure  (both  arterial 
and    venous;  in   the   pulmonary   artery   and 

iu    the    lungs   (Fig.  252),   and    consequently  a  corresponding  secondary 
lowering  of  pressure   in    the   aorta. 

The  extent  to  which  other  areas  of  the  circulatory  system  are  affected 
depends  as  much  u[H>n  the  correlated  defects  as  upon  the  stenosi-s  itself. 
If  the  steDosi.y  is  the  only  lesion,  it  produces  a  fall  of  pressure  iu  tht» 
pulmonarj'  artery,  a  rise  of  pressure  (from  sta.sis)  in  the  pulmonaiy  veins, 
and  a  marked  increase  in  pressure  within  the  right  ventricle,  like  that 
which  Liideritz  found  in  the  left  iu  aortic  stenosis  (Fig.  252,  light  broken 
line).  This  always  leads  to  hyfjertrophy  of  the  right  ventricle  and  right 
auricle,  and  usually  to  the  signs  of  congenital  venous  congestion  to  he 
described  later. 

Between  these  two  grades  of  severity  there  exist  all  .stages  of  cardiac 
insufficiency,  the  mo.st  important  l3eing  the  overloathng  or  weakening  of 
the  right  ventricle,  which  leads  fo  transitory  venous  stasis,  tricuspid  insuf- 
ficiency, and  cyanosis.    The  pressure  in  the  pulmonary  vein  and  left  auricle 
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is  by  virtue  of  the  pulmonary  stenosis  lower  than  usual,  while  that  in  the 
right  auricle  is  for  the  .same  reason  higher.  Afcordingly  tlie  tendency  is 
for  venous  blood  to  pass  into  the  left  auricle  and  ventricle  in  diastole  to  a 
much  greater  degi-ee  than  when  the  pulmonary  orifice  is  normal,  and  hence 
to  cause  a  greater  tendency  to  cyanosis  and  dyspnoea  than  in  the  uncompli- 
cated patent  foramen  ovale. 

When  the  foramen  ovale  is  patent  but  the  septum  ventriculorum  closed 
(12  per  cent,  of  Abbott's  cases),  the  effect  upon  the  circulation  vai-ies. 
Owing  to  the  pulmonary  stenosis,  the  path  of  least  resistance  is  through 
the  open  foramen  ovale  into  the  left  auricle  without  passing  through  the 
lungs,  and  nmch  biood  may  circulate  in  this  way.  Whether  or  not  this 
gives  rise  to  cyano-sis  depends  upon  the  actual  amount  entering  the  lungs 
through  the  pulmonary  arteiy.     I'nder  ordinary  circumstances  this  may 
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Flu.  252. — DiB^ram  of  the  eirculatinn  in  pulmonary  Htenofiis  and  atresia.  Simple  pubnouary  f>t«ao«B. 
The  arrowii  show  the  falJ  of  pressure  in  the  aorla  oiid  pubuomiry  arlerj'  and  the  riJie  of  pressure  in  the  ven* 
cava  and  right  tt»irirle.  The  broken  line  inrficatew  the  lii(:h  Jntrmventricular  preMure  in  the  riRtil  venlricJe. 
Pulmonary  atresia,  with  pfilerit  intenicntriciilar  »eptuin  (SV),  patent  <Juetun  arterionu^  <.DA  ),  ami  patent 
fonmieii  ovale  (FO).  The  blood  current.  pa.<«t)inB  through  the  patent  interventricular  septum  i^  indicsl«d 
by  the  heavy  broken  line;  the  liKht  broken  Unee  indicate  intraventricular  prcvwure.  The  .*hBded  cur\'e» 
indicate  mixed  bl(x«l.  BR.  bronchial  art«rie0.  The  relation  of  the  new  cluuinela  to  the  other  artariea 
in  nhown  in  tlie  dtaffram  b«iow,  (Compare  FS(.  20.) 


keep  enough  blood  aerated  to  avoid  cj'anosis,  but  in  exercise  or  e.xertion 
when  more  COj  is  produced,  this  excess  may  show  in  the  patient's  color. 
Moreover,  the  venous  pressure  may  rise  until  the  pressure  in  the  right 
auricle  still  further  exceeds  that  in  the  left,  and  thus  a  larger  proportion 
of  this  non-aerated  blood  enters  the  left  side  of  the  heart,  giving  rise  to  the 
vicious  circle  of  the  open  foramen  ovale  (Fig.  250,  B). 


Increase*^!  work  of  heart    "^h 


Cyancwis, 
Asphyxia 


\  Passage  «f  tiuue rated  bluoil 
into  left  auricle 


High  pressure  in 
vena  cava 


^ 


SYMPTOMS. 


The  classical  picture  of  pulmonarj'  stenosis  and  especially  of  pulmonary 
atresia  is  the  ''morbus  ca-iTileus"  or  "blue  sickness,''  as  which  it  has  been 
known  since  the  time  of  Seuac  (1749J.    The  patient  is  usually  a  small  child 


J 


CONGENITAL   HEART   DISEASE. 


541 


or  youth  below  the  normal  size  and  intelligence.    He  is  said  to  have  been 

blue  at  b  i  r  t  h  (as  in  74  of  Peacock's  101  caBes),  or  to  have  become  so 
during  the  first  year  or  two  of  life  (as  in  almost  all  of  Peacock's  other  cases). 
He  hatf  suffered  from  cough  most  of  liis  life,  as  well  as  shortness  of  breath. 
The  latter  becomes  extreme  or  may  come  on  in  severe  paroxysms  after 
exertion.  During  these  attacks  of  dyspnoea,  the  patient  may 
become  extremely  blue  or  even  black  in  the  face,  and  they  may  end  in  a 
fainting  spell  or  an  epileptiform  convulsion  (due  to  venous  stajsia 
and  cerebral  ischtemia) .  He  may  also  have  frequent  headaches.  His 
hands  and  feet  are  usually  cold  (venous  stasis) ,  He  is  subject  to  frequent 
bleedings  from  the  nose,  mouth,  intestines,  or  other  mucous  membranes 
(due  to  congestion  in  dilated  venules),  which  may  even  suggest  the  diagnosis 
of  hiemophilia. 

On  the  other  hand,  persons  with  a  considerable  grade  of  congenital 
pulmonary  stenosis  may  remain  free  from  symptoms  and  even  perform 
heavTr'  woi'k,  as  in  the  case  quoted  by  Peacock  of  a  man  of  forty-four  who 
worked  as  a  navigator  until  six  weeks  before  his  death.  Such  cases,  however, 
constitute  only  a  small  percentage  of  every'  series. 

Pulmonary  Stenosis  with  Patent  Interventricular  Septum. — However, 
when  the  interventricular  septum  is  defective  the  coiVdition  is  entirely 
<iifferent.  The  lowered  pressure  in  the  pulmonary  artery  usually  continues 
unless  fully  compensated  by  the  anastomotic  circulation.  Tlie  right  ven- 
tricle hypertrophies  until  it  equals  or  even  exceeds  the  left  in  thickness, 
and,  owing  to  the  dextroversion  of  the  aorta,  sends  its  large  quota  of  blood 
into  the  aorta.  The  presjsure  in  the  systemic  veins,  therefore,  depends  not 
upon  the  pressure  within  the  right  ventricle  but  upon  the  ability  of  the 
right  ventricle  to  force  the  blood  onward  and  prevent  it  from  accumulating 
in  the  veins.  The  presence,  extent,  or  absence  of  symptoms,  on  the  other 
hand,  depends  upon  the  aeration  of  blootl  in  the  lungs.  Peacock  well  says 
that  "in  cases  of  this  description  the  open  state  of  the  foramen  ovale  and 
the  imperfection  in  the  ventricular  septum,  so  far  from  adding  to  the  danger, 
really  afford  the  means  of  relief  to  the  overcharged  right  auricle  and  ven- 
tricle without  which  life  could  not  be  prolonged  for  any  considerable  period." 
Tliat  the  outlook  in  cases  where  defective  septa  accompany  the  pulmonary 
stenosis  is  graver  than  in  cases  where  the  stenosis  occurs  alone  is  due  merely 
to  the  fact  that  in  the  latter  case  the  lesion  is  usually  formed  late  in  fetal 
life,  and  hence  is  comparatively  mild;  or,  if  formed  early,  it  is  too  slight  to 
give  rise  to  the  stasis  which  keeps  the  septa  open. 
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PHYSICAL   SIGNS. 

The  patients,  usually  children,  are  of  stunted  growth,  with  eyes 
water}',  veins  of  forehead,  face,  and  arras  large,  very  numerous,  and 
anastomosing   frequently. 

Cyanosis. — So  striking  and  so  frequent  is  the  occurrence  of  intense  cya- 
nosis in  congenital  heart  disease  that  this  term  has  become  almost  sj'nony- 
mous  with  the  "morbus  coeruleus"  (blue  sickness)  described  by  Senac. 

The  patients  may  be  persistently  livid  or  the  cyanosis  may  l>e  present 
only  at  times  of  exertion  or  ill  health.     It  may  then  come  in  attacks  asso- 
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ciated  with  dyspnoea  and  sometimes  convulsions.    The  patients  may  be- 
come quite  black  in  the  face  and  may  remain  so  for  some  time. 

The  mode  of  origin  of  the  cyanosis  in  congenital  heart  disease  is  a 
matter  not  only  of  scientific  interest  but  of  the  greatest  practical  Importance  in  diagnosis 
and  prognosis.  Theories:  1.  Mixture  of  venous  with  arterial  blood.  Senac  (1749),  William 
Hunter,  Forget,  Meckel,  Corvisart,  Gintrac,  Favre,  Paget,  and  others  supposed  that  the 
cyanosis  was  due  to  the  passage  of  venous  blood  directly  into  the  left  auricle  or  ventricle 
through  the  open  foramen  ovale  or  interventricular  septum.  While  this  may  play  a  rdle 
in  some  or  indeed  in  most  cases,  Moreton  StilK'  (1844)  has  shown  "that   complete 

admixture  of    the    blood   may   take    place   without   cyanosis 

This  is  conclusively  demonstrated  by  the  two  following  cases. 

"First. — Foramen  ovale  open;  pulmonary  artery  arose  from  both  ventricles,  gave 
off  pulmonary  branches,  and  formed  the  aorta  descendens.  The  aorta  gave  off  the  branches 
to  the  head  and  upper  extremities  and  joined  the  pulmonary  artery  by  the  ductus  arterio- 
sus.    No  cyanosis.     Age  eight  months. 

"Second. — Heart  with  two  canities;  aorta  and  pulmonary  arising  from  the  ventricle. 
No  cyanosis.     Age  eleven  days." 

Numerous  other  observations  in  the  literature  have  confirmed  Still^'s  contention. 
On  the  other  hand,  when  there  is  mixing  of  venoas  and  arterial  blood,  a  relatively  slight 
stasis  or  cardiac  weakness  from  overstrain  or  disease  may  bring  about  intense  cyanosis, 
which  would  not  occur  in  {jersons  with  healthy  hearts. 

2.  The  second  theory,  proposed  by  Morgagni  (1761)  and  subbcquently  advocated  by 
Louis.  Bouillaud,  Valleix,  Hasse,  Still<^,  and  Rokitansky,  was  that  o\i'ing  to  the  pulmonary 
stenosis  there  was  stasLs  in  the  systemic  veins,  and  that  the  cyanosis  resulted  from  that 
factor  only.  To  this  theory  Grancher  adds  the  fact  that  the  capillaries  and  precapillaries 
are  already  marke<ily  dilate*,!  (for  reasons*  given  above  on  page  526)  and  that  in  these  dilated 
capillaries  .slight  stasis  brings  about  marked  cyanosis. 

Another  factor,  to  wliich  attention  has  been  called  by  Vaquez,  Osier,  and  others,  is 
that  in  such  cases  cyanosis  is  usually  accompanied  by  intense  polycj'tliaBmia,  and  the  in- 
crease in  the  amount  of  the  C'Oj  haemoglobin  intensifies  the  cyanosis  wliich  might  other- 
wise be  present  in  moderate  degree. 

None  of  these  theories,  howevLT,  explains  the  absence  of  cyanosis  in  cases  where  all 
the  venous  blood  passes  into  the  aorta.  In  these  cases  the  ventricles  are  strongly  exerting 
both  their  suction-pump  and  force-pump  action,  so  that  blood  does  not  accumulate  in 
the  veins.  On  the  other  liand,  the  pressure  in  the  aorta  (ranging  from  90  to  120  mm.  Hg) 
is  about  three  times  as  high  as  the  pressure  normally  present  in  the  pulmonary  artery, 
and  hence  is  capable  of  forcing  a  very  large  amount  of  l)lood  through  the  wide  bronchial 
arteries  or  open  ductus  arteriosus  (Botalli)  to  the  lungs. 

Whether  admixture  of  venou?  blood  will  or  will  not  produce  cyano-sis  depends  largely 
upon  the  amount  of  CX\  which  the  abnormal  pulmonary  circulation  can  take  care  of,  and 
wliicli  m  most  cases  is  more  limitetl  than  in  the  nonnal  individual.  When  excessive  exer- 
cise, strain,  or  cardiac  weakening  causes  an  abnormal  increase  of  COj,  cyanosis  makes  its 
appearance,  and  owing  to  the  congenital  dilatation  of  the  capillaries  the  cyanotic  effect 
is  magnified. 

The  cases  in  which  cyanosis  occurs  in  spells  are  probably  examples  of  transitory 
venous  stasis  (in  congenitally  enlarged  capillaries  and  capillary  plexus).  In  cases  with 
oijen  foramen  ovale  stasis  in  the  systemic  veins  and  right  heart  will  divert  an  abnormally 
large  amount  of  venous  blood  through  the  foramen  ovale  (Fig.  250). 

The  head  occasionally  shows  signs  of  other  abnormalities  in  form.  There  may  be 
deficient  fonnation  of  bones  of  skull,  abnonnalities  in  the  form  of  the  ears,  hare-lip,  cleft 
palate,  etc. 

Vascular  Changes  in  the  Retina. — Marked  changes  in  the  vessels  of 
the  retina,  seen  upon  examination  with  the  ophthalmoscope,  were  first 
reported  by  Knapp  in  ISGl.  In  cases  with  marked  cyanosis  elsewhere 
there  are  often  irregularities  in  the  lumina  of  arteries  and  veins,  which  are 
tortuous  ("resembling  large  angle-worms."  Posey)  and  in  some  places 
very  wide  (twice  as  wide  as  normal),  in  others  very  narrow.    "Both  veins 
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Fia.  253. — Dilatation  and  irregularity  of  the  fe<i- 
nalveswU.   K,  vein;  ^1,  artery.    (Aft-cr  Posey.) 


and  arteries  become  much  darker  than  normal,  the  former  assuming  a  deep 
violet  color,  while  the  arteries  resemble  normal  veins.  The  peripheral 
twigs  of  the  retinal  vessels  are  di.stended.  and  vessela  which  are  usually 

invisible  may  be  seen  over  the  entii^e  fundus Small  hemor- 

rliages  are  of  frec|uent  occurrence"  (Posey)  (Fig.  253).  In  doubtful  cases 
this  feature  may  be  of  great  diag- 
nostic value,  but  it  can  l>e  expected 
to  occur  only  in  those  cases  in  wliich 
there  is  a  considerable  degree  of  cy- 
anosis and  in  which  the  prenatal 
slowing  of  circulation  has  probably 
been  mnrked. 

Clubbed  Fingers  (Hippocratic  Fin- 
gers).— The  ends  of  the  fingers  under- 
go peculiar  changes  (chibbed  fingers, 
Hipitucrutic  fingei-s)  (Fig.  2r>4),  which 
also  occur  in  chronic  pulmonary  dis- 
eases, tul>erculosi.'^,  chronic  cardiac 
disease,  especially  in  children  and  in 
conditions  producing  long-continued 
local  or  general  venous  stasis  (Eb- 
vStein).  The  change  is  confined  to  the 
pulp  of  the  finger,  which  is  thicker  than  normal  and  broadest  near  the  tip, 
and  tapers  in  a  proximal  instead  of  a  distal  direction.  The  nails  are  very 
convex  in  both  longitu<rmal  and  transverse  diameters.  They  are  usually 
cyanotic.  The  form  of  the  btuies  is  practiciilly  unchanged.  E.  Ebstein 
has  collected  a  large  number  of  observations 
which  prove  that  clubbing  of  the  fingers  and  toes 
results  from  chronic  passive  congestion  either  gen- 
eral or  local  (from  jjressure  on  veins).  The  earlier 
in  intra-uterine  or  in  extra-uterine  life  that  the 
congestion  occurs  and  the  longer  is  its  duration 
the  moi-e  marked  is  the  clubbing. 

The  occurrence  of  clubbed  fingers  is  dependent 
on  almost  the  same  factors  as  cyanosis,  and  the  two 
features  usually  occur  together  or  are  both  absent. 
Cardiac  Signs. — The  pivcortlium  almost  always 
bulges,  and  the  wavy  systolic  impulse  over  the 
precordium  due  to  systole  of  the  right  ventricle  is 
usually  seen.  A  systolic  impulse  at  the  aj^ex  nmy 
or  may  not  be  present.  The  area  of  cardiac  dulness 
is  usually  eidarged  to  both  right  ami  left.  On 
palpation  a  rough  systolic  thrill  is  felt  over  the  pulmonary  area, 
from  which  it  is  transmitted  diagonally  upward  toward  the  left  clavicle 
ami  downward  over  the  precordium  (Fig.  255).  In  cases  in  which  there 
is  a  defect  in  the  septum  ventriculorum,  this  thrill  is  also  intensified  over 
the  thinl  and  fourth  left  interspaces  near  the  sternal  margin. 

The  characteristic  sign  of  pulmonaiy  stenosis  on  auscultation  is  a  sys- 
tolic   murmur   accompanying  the  above-mentioned  thrill  and  following 


Fio.  254.— c:iublmi  tinker!*. 
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F Id.  255. — Distributiun  of  the  pvihimnary  j'>*5>tolie  mur- 
mur o(  piilntoiiary  tit«ituN)H. 


the  first  sound,  loudest  over  the  pulmonary  area  or  just  beyond  it  in  the  sep- 
ontl  left  interspace.    In  sharp  contrast  to  the  niunnur  of  aortic  stenosis,  it  is 

t mn.sniitted  upward  and  to 
the  left.  It  is  also  heard 
over  the  precordium,  but,  un- 
les,s  the  interventricular  septum 
or  ductus  art-eriosus  (Botalii)  is 
open,  it  is  not  usually  trans- 
mitted to  the  systemic  arteries. 
The  second  pulmonic  sound  is 
cither  absent  or  suppressed  in 
spite  of  the  respiratory  distress. 
However,  it  is  noteworthy  that 
in  those  cases  in  which  there  is 
uniform  pulraonarj'  atresia  ex- 
tctuling  over  one  or  two  cm. 
iind  where  the  lesion  in  actually 
most  severe,  the  murmur  may 
he  entirely  lacking.  The  same 
applies,  of  course,  to  complete 
obhteration  of  the  pulmonary  artery.  Needless  to  say,  the  imperfectly 
formed  valves  may  be  insufficient  and  a  diastolic  murmur  due  to  regurgi- 
tation may  also  be  present.  However^  a  murnmr 
of  this  type  is  mo.st  frequently  due  to  the  defect 
in  the  interventricular  septum  (see  page  547). 
Open  foramen  ovale,  when  present,  rarely 
gives  characteristic  signs,  but  occasionally  may  be 
revealed  by  a  presystolic  murmur  heard  at  the 
base.  The  signs  due  to  an  open  ductus  arteri- 
osus Botalli  are  so  similar  to  those  of  pulmo- 
nary steooais  that  even  in  t>T>ical  cases  it  is  , 
almost  impossible  to  diagnose  in  the  presence  ^X'i-^ 
of  the  latter.  The  murmur  from  the  former 
is  more  frequently  heard  at  the  back  to  the 
left  of  the  third  and  fourth  dorsal  %'ertebrfe 
with  a  very  marked  inspiratory  accentuation 
and  expiratory  diminution  (Fran^ois-Franck). 
The  chest  is  usually  poorly  expanded,  often 
pigeon-breasted.'  Harrison's  grooves  are  often 
prominent.  Signs  of  phthisis  (areas  of  dul- 
ness,  tubular  breathing,  increased  vocal  fremitus 
and  rales)  are  very  common,  especially  at  the 
apices  (80  per  cent,  of  Abbott's  cases),  in  cases 
which  have  passed  the  age  of  infancy,  and  tuber- 
cle bacilli  are  frequently  found  in  the  sputum. 


Fio.  256. — Direction  of  blood- 
Mtreanu  ftnd  propacMtion  of  tnur* 
mum  accorapAnying  defect  in  the 
interventriculitr  iiepturn,  putmori' 
ary  0t«nu«iii,  and  open  duetu«art«- 
riosUB  (BotaUi).  DEF.  SEPT.. 
defect  in  the  interventrirular  ocp- 
tuni;  P.  ST.,  pulmonary  »(«nomii; 
PAT  D.\.  patent  tlnctwn  arterio- 
HUM  (Potalli);  1,  'J,  3, 4,  5  repraaent 
ilte  oorreapondinc  riba. 


'  Tliis  flatncsfl  of  the  chest  may  perhaps  be  of  reflex  arip'n,  sinee  F.  Kaudere  <Ueber 
eini^  Experimente  zur  Lehrc  von  der  cardialein  Dyspnoe,  \Vien  klin.  Wchuschr,,  1891), 
undfer  v.  fiftsch's  directmn,  luia  shown  tlxat  the  diaphra^i  rises  wlieo  the  blood  flow  throi)^ 
the  tmtgB  is  dlminj^tbcd. 
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Condition  of  Other  Organs, —The  abdomen  is  often  verj-  full,  the 
liver  antl  spleen  e  n  1  ii  r  g e  d,  especially  in  cases  with  ryanosis  and 
venous  stasis.     The  genitalia  are  usually  underdeveloped. 

The  blood  count  usually  ranges  between  6,()0tMKK)  and  9,000,000,  the 
hiBinoglobin  between  110  and  130  per  cent. 

There  are  often  albumin  and  casts  in  the  urine,  which  is  frequently 
scanty.    Occasionally  there  is  blood  from  the  dilated  capillaries. 

DIAGNOSIS. 

As  stated  by  Rauchfuss  in  1878,  the  diagnosis  of  congenital  pulmonary 
_  enosia  can  usually  be  made  from  the  following  symptom  complex:  **  Cyan- 
'osis,  from  birth  or  following  signs  of  cardiac  affection  which  were  then  pres- 
ent; signs  of  dilatation  and  hypertrophy  of  the  right  auricle  and  ventricle; 
systolic  murmur  and  thrill  over  the  conus  arteriosus  and  pulmonarj'  artery, 
at  transmitted  to  the  carotid  arteries."  He  admits,  however,  as  do  all 
obsequent  authors,  that  the  exact  diagnosis  of  the  secondary  lesions  intra 
fittim  is  almost  impossible,  owing  to  the  multiplicity  of  the  lesions  which 
may  occur  and  the  fact  that  so  many  of  the  signs  overlap  one  another, 

TRE.-ITMENT   AND    PROGNOSIS. 

P^As  regards  prognosis  statistics  vary  considerably.     Of  Stoelker's  53 
'  fm»82  died  at  birth,  12  during  the  first  year,  and  1  i  during  the  first  decade. 
Only  4  reached  the  fourth  decade. 

The  age  of  death  in  .\bbott'8  series  was  as  follows: 
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•  9.7  per  cent. 


1 78  per  cent. 


One  can  hardly  fail  to  be  struck  by  the  contrast  between  the  cases  of 
pulmonary  atresia  and  pulmonary  stenosi-s,  since  78  per  cent,  of  the  former 
die  in  the  first  year,  while  this  is  the  case  in  only  9.7  per  cent,  of  the  latter. 
Even  of  these  only  36  per  cent,  survived  the  age  of  puberty  and  only  one 
reached  middle  age. 

In  the  individual  case  the  physician  may  be  guided  by  the  intensity 
of  the  symptoms  even  more  than  by  the  physical  signs,  severe  s>'mptoms, 
as  a  rule,  portendhig  an  early  death.  When  the  symptoms  in  early  youth 
35 
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are  comparatively  mild,  the  prognosis  is  a  little  better,  but  an  early  death 
from  phthisis  or  acute  endocarditis  iri  always  to  be  feared,  even  wben  the 
heart  failure  is  less  intense.  It  is,  then^forc,  nmst  important,  as  Peacock 
suggested:  (1)  to  keep  the  patient  warm  by  both  warm  clothing  and 
sojourn  in  a  balmy  climate;  (2)  to  keep  him  leading  a  quiet  life  on  a  diet 
of  nourishing  but  easily  digested  food.  For  paroxysms  of  dyspnoea  and 
distress  free  purgation  should  be  resorted  to.  \'euesertion,  which  was  recom- 
mended by  Peacock,  though  indicated  by  both  the  venous  stasis  and  the 
high  viscosity  of  the  blood,  is  a  dangerous  procedure  and  should  be  u.sedj 
only  as  a  last  resort,  for  tJie  coagulation  of  the  blood  in  these  cases  is 
often  retardefl.  Before  performing  it  the  coagulability  should  always  be 
determined. 

The  general  cardiac  stimulants,  such  as  digitalis  and  strychnine,  are 
rarely  of  much  value,  since  in  most  cases  the  heart,  has  already  reached  theJ 
ma.ximum  of  its  power  and  cannot  l>e  stimulated  much  further.    Vasodila-1 
tion  from  amyl  nitrite  and  nitroglycerin  may  sometimes  help,  and  Peacock 
recommends  the  use  of  w^arm  baths  or  mustard  baths,  especially  for  the] 
convulsions  of  children. 


DEFECTS   IN   THE   INTERV-EXTRICULAR   SEPTUM. 
OCCUHREXCE    AND    P.ATHOGENESIS, 

As  has  l)een  slated  above,  defects  in  the  interventricular  septum  are! 
usually  with  and  secondary  to  other  malformations,  this  being  the  case  in 
117  (7S  per  cent.)  of  141)  cases  stutlied  by  Abbott.     Pulmanar}'  stenosis  or 
atresia  was  present  in  75  ca.scs  (5S  per  cent.).     In  only  24  cases  (16.1  per^ 
cent,)  were  there  no  other  abnornvulities. 

The  circuhitory  mechanism  which  keeps  the  septum  from  closing  in* 
the  presence  of  pulmonary  steno.sis  has  been  discua-sed  above  un<ler  the 
latter  condition.    In  the  other  cases,  in  which  Abbott  classes  it  as  a  "  second- 
ary lesion,"  the  mechanism  is  similar. 

In  the  uncomi>licuted  cases,  however,  the  causation  is  more  obscure. 
In  a  few  cases  it  is  accounted  for  by  fetal  endocarditis  affecting  the  septum 
interpositum  before  the  septum  menibrauaceum  has  formed.  In  other, 
cases  the  septum  membranaceum  does  not  form  completely.  After  birth, 
when  the  pressure  in  the  left  ventricle  rises  high  above  that  in  the  right, 
the  rush  of  blood  from  the  left  ventricle  into  the  right  may  push  the  septum 
along  T^ith  it  and  may  cause  it  to  protrude  as  a  funnel  into  the  right  ven- 
tricle (Tate,  Hebb).  In  still  other  cases  the  septum  forms  and  protrudes  as 
an  aneurism  of  the  septum.  This  aneurism  may  rupture  later  and  give 
rise  to  the  defect. 

Some  cases  of  apparent  defect  in  the  septum  are  due  to  ulcerative] 
septal  endocarditis,  but  these  are  probably  few.  Trauma  may  produce  a] 
similar  effect  in  adult  life.  McOscar  and  Voelcker  it^port  the  case  of  a  man! 
who  w^as  run  over  by  a  wagon.  Rupture  of  the  interventricular  septum] 
resulted  and  the  patient  died  eight  days  afterwards.  Reiss  states  that! 
pulmonar>^  tuberculosis  has  been  found  in  every  adult  in  his  series,  but  thisi 
is  by  no  means  always  the  case. 
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PATHOLOGICAL    PHYSIOLOGY. 

When  the  defect  in  the  septum  is  secondary  to  a  severe  pulmonary 
stenosis  or  atresia,  as  has  been  seen,  its  effect  is  to  aUow  V>looil  to  pass  from 
the  right  ventricle  into  the  left,  and  under  any  circumstances  this  is  the 
case  during  fetal  life. 

W  hen  there  18  no  such  steuoisis,  however,  and  the  strength  of  the  left 
ventricle  increases  after  birth,  the  current  pa^^s  in  the  i-everf?e  ilirertion 
and  aerated  blood  passes  from  the  left  ventricle  into  the  right.  The  effect 
upon  the  work  of  the  former  is  consequently  about  the  same  as  that  of  a 
leak  at  the  mitral  valve;  intraventricular  pressure  is  lowered,  and  the 
systolic  output  must  be  increased  in  order  to  maintain  the  circuhition. 
The  left  ventricle  consequently  hypertrophies  as  a  result  of  the  strain;  the 
right  ventricle  hyijort rophiea  also  as  a  result  of  the  increase  in  the  blood 
forced  into  it.  The  extent  of  hyix-rtrophy  of  the  latter  chamber  depends 
largely  upon  the  size  of  the  opening.  As  the  right  ventricle  hypertrophies 
and  pressure  in  the  right  ventricle  incirases.  the  leakage  diminishes,  so 
that  the  effect  of  the  le.^ion  tentls  to  correct  itself;  on  the  other  hand,  the 
pressure  in  the  pulmonary*  artery  increases.  But  since  the  ordinary  resist- 
ance in  the  pulmonary  circulation  is  much  less  than  that  in  tlie  systemic, 
when  the  forces  of  both  ventricles  approximate  one  another,  the  effect  on 
the  pulmonary  circulaliun  is  the  same  as  though  the  left  ventricle  became 
weaker  and  the  right  remained  unchanged.  Pulmonarj'  engorgements 
may.  therefore,  result,  with  consequent  dyspnoea.  In  mo.st  cases,  however, 
the  hypertrophy  does  not  reach  this  point,  ani.1  it  is  only  when  the  heart  is 
stimulated  by  effort  or  exercise  that  pulmonary  engorgement  sets  in. 

SYMPTOMS. 

In  considering  the  symptoms  and  sign.^  of  defects  of  the  interventricular 
septum,  one  must  differentiate  sharply  between  those  cases  in  which  the 
condition  exists  alone  and  those  in  which  it  is  secondary  to  other  lesions. 
In  tlie  latter  case  the  manifestations  of  the  primaiy  comlition  may  predomi- 
nate; and  these  are  discu.ssed  in  the  corresponding  sections. 

The  symptoms  from  simple  defect  in  the  interventricular  septum  are 
few,  and,  as  a  rule,  are  confined  to  more  or  less  weakness,  dyspnoE^a,  and 
palpitation,  rather  than  the  extensive  symptom  complex  met  with  in 
pulmonary  .stenosis. 

PHYSICAL    SIGNS. 

In  marked  contrast  to  pulmonary  stenosis,  marked  cyanosis  is  not 
one  of  the  signs  of  uncomplicated  defect  in  the  interventricular 
septum,  since  there  is,  as  a  rule,  no  stasis  in  the  veins  and  the  abnormal 
blood  stream  flows  from  left  ventricle  into  the  right.  Cj'anosis  may  occur, 
however,  as  tlie  result  of  a  cardiac  overstrain,  just  as  in  any  other  condi- 
tion of  cardiac  weakness,  but  is  not  abnormally  inten.se.  The  fingers  are, 
as  a  rule,  not  clubbed.  Over  the  precordium  and  epigastrium  there  is 
usually  violent  systolic  retraction,  produced  by  the  hypertrophied  right 
ventricle.  There  may  be  violent  systolic  pulsation  of  the  conus  arteriosus 
in  the  second  left  interspace.    The  area  of  dulnesw  may  be  enlarged  to  both 
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right  and  left,  or  there  may  be  no  change  from  the  normal.  There  is 
almost  always  a  well-marked  systolic  thrill  over  the  third  left  interspace 
near  the  sternal  margin. 

Auscultatifjn  reveals  the  presence  of  a  murmur  which  was  first  described 
by  Roger  in  15S70  In  the  following  words: 

"It    IB   in   general    remarkably  intense;   it8   m  a  x  i  nni  m   is   not    at   the   apex 
(uj'  ii!    jlt  r.iuitiri  of  the  auriculoventricular  orifices),  nor  at  the  right  hassf  (as  in  aiirtic 

at^noBJs),  nor  at  the  left  baise  (an  in 
pulmonary  atenoBis).  This  maximum 
iH  at  the  tipper  third  of  the  precor- 
»hal  rej^on  and  is  median  like  the  ven- 
tricular septum  itself.  It  is  fiin^le 
and  very  prolonged,  commencing  with 
-systole  and  replacing  tlie  two  normal 
sttumis.  It  is  fixed  without  propa- 
pidion  in  the  large  vessels,  as  is  the 
ctisf  with  aortic  or  pulnionarj*  stenosis, 
and  decr(!!u«es  in  int«nKity  equally  in 
all  directions  as  one  passes  away  from 

this  central    f>oint The  miir- 

njur  corre8[K>n<ls  with  a  very  extensive 
thrill  which  exactly  coincides  wiih  it. 
....  The  murmur  does  not  change 
in  the  course  of  years." 

However,  all  writers  do  not 
agree  with  Roger.  Cadet  de 
Gas.sifourt,  Potain,  and  Reiss 
claim  that  it  occurs  during  systole  only;  while  in  some  ca.ses,  especially  where 
the  septal  defect  is  a  large  one,  it  is  totally  absent  (Bennetz).  The  murmur 
is  sometimes  transmitted  to  the  carotid  arteries,  though  it  is  always  loud- 
est over  the  precordium.  The  second  pulmonary  sound  is  accentuated. 
The  pulse  may  be  small  and  weak,  or,  as  in  the  case  of  McOscar  and 
Voclcker,  collapsing.    The  blood-presaure  is  usually  low. 


Fio.  257.. —  Di"-_:.::  ,  , .;:  li::.!    ' ._■ . -i •. ; 'J r  vf  iliciuarinur  due 
to  a  patent  interventricular  B«ptum  (.EoKer's  murmur). 


Ca«i!  or  Patent  Sbptpm  Vbntricitlokum. 

The  following  notes  were  obtained  from  a  case  admitted  to  Prof.  Barker's  service 
in  the  private  wards  of  the  Johns  flopkins  H4JHpital : 

The  patient  was  a  marrie<l  man.  a  scientiat  of  wime  note,  aged  59.  As  a  chilci  he  had 
been  subject  to  bad  dreaniH  and  distnrbetl  sleep  and  Iwicanie  short  of  breath  on 
slight  exertion.  Thin  shortneas  of  breath  on  exertion  followec!  through  life,  but 
in  spite  of  the  ordinary  diseases  of  chiIdhoo*d,  three  mild  attacks  of  typhoid  fever,  and 
continueti  titte  of  tobacco,  alcohol,  and  strong  coffee,  he  waa  able  to  lead  an  active  life  until 
past  middle  age. 

For  six  weeks  before  admission  to  the  hospital  he  haa  been  very  weak  and  has  been 
troubled  with  nocturnal  dyspnoea.,  though  these  ejinptoins  are  probably  refer- 
able to  hii^  renal  rather  than  to  his  cardiac  clmnges.  Swelling  of  the  feet  set  in  a  few  days 
befort?  admission. 

On  Feb.  15,  1908,  Dr.  Barker*  made  the  following  note  on  hia  cardiac  condition: 
The  radialH  are  thickene<^l,  the  blood-pn^swure  is  high;  there  is  a  blovdng  systolic  munnur 
at  the  apex,  the  aortic  .second  sound  is  fairly  loud,  the  puhBonie  second  verj'  loud.  Tlie 
rough  systolic  murmur  is  also  heard  in  the  pulmonary  area, 
but  is  loudest  and  roughest  a  little  lateral  from  the  tricuspid 
area.  No  aortic  diastolic  munjnir  h  hear*!.  There  h  no  marked  throbbing  of  the  neck; 
veins  in  the  neck  are  a  little  ovei€Iled.  There  is  some  oedema  of  the  ankles  and  overfilliug 
of  the  veins  of  Uu:  lower  cxtrumttJBS. 
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He  paswed  over  2500  c.c.  of  urine  daily,  of  specific  gravity  1012-1014,  containinjj  a 
trace  of  albiinien  luul  some  hyaline  casts.  The  blooj -pressure  varie<l  from  220  to  28o 
mm.  FIp,  pulse-rate  S0-9(). 

Duritip  his  atny  in  the  hospital  he  had  occasional  smothering  spells  which  were  relieved 
by  venesection.    He  spat  up  coiii^iderabk?  amounts  of  red  tenacious  sputimi. 

The  patient  die<l  during  the  course  of  the  next  few  months.  Autopgy  revealed 
a  futlnel-^hapcd  bulging  of  the  membranoiis  septum  into  the 
right  ventricle  with  a  p  e  r  f  o  r  u  t  i  o  n  3-4  m  m  .  i  n  d  i  a  m  e  t  e  r  a  t  t  h  e 
apex  nf  the  funnel.  (This  condition  is  exactly  similar  to  the  lesion  described 
by  Hebb  and  by  Tate.) 

There  was  also  a  chrotuc  nephritis. 


Case  of  Probable  Patent  Septcsi  Ventricttlorcm. 


B,  J.,  an  unmarried  colored  woman  aged  2f»,  entered  the  Johns  Hopkins  Hospital 
oomplaining  of  pain  in  the  chest.  Except  for  shortness  i>f  breatli  un  exertion  during  the 
last  ten  years,  the  hi.story  is  negative. 

Her  heart  wa«  very  slightly  enlarged  to  the  right.  The  sounds  were  clear  at  the  apex, 
but  over  the  body  of  the  heart  a  fieculiar  intense  high-pitched  murmur  was  heard,  loudest 
during  systole  but  lusting  through  the  whole  cardiac  cycle  (Roger's  murramr?).  This 
murmur  is  lourfest  and  most  intense  over  the  third  left  interspace 
between  the  parasternal  line  and  the  sternum,  but  it  is  heard  also  in 
the  second  am]  fourth  interspacest  where  it  is  much  less  intense. 

Maxima!  bloo<l-preRsure  varied  from  1 10  to  l2o  nun.  Hg;  venous  tracings  were  normal; 
retinal  vessels  normal.    The  urine  contained  a  trace  of  albumen  but  no  casta  nor  blood-cells. 

Tlje  aubaetiuent  history  was  uneventftil. 

DI.\GXOSIS. 

The  diagnosis  of  defeet  in  the  interventrit^ular  septum  can  be  made 
only  when,  in  the  absence  of  t-yanosis  or  other  signs  of  congenital  heart 
disease,  the  vigorous  pulsation  of  the  right  ventricle  is  seen  in  the  second 
left  interspace,  and  both  the  pecuhar  murmur  of  Roger  and  the  accentu- 
ated second  pulmonic  sound  can  be  heard-  In  the  presence  of  pulmonary 
stenosis  or  other  congenital  or  acquired  lesions,  signs  may  merge  into  one 
another  in  such  a  way  that  an  absolute  diagnosis  may  be  impossible. 
Simple  acquired  endocarditis  often  occurs,  as  in  Tebb's  caae,  and  its  signs 
may  serve  further  to  confuse  the  clinical  picture. 

TREATMENT. 

Needless  to  say,  there  is  no  treatment  that  can  be  directed  against 
the  defect  itself.  However,  the  symptoms  in  many  cases  arise  only  during 
over-exertion,  and  the  most  important  factor  in  the  management  of  the 
case  is,  therefore,  ilirectetl  along  the  usual  lines  for  the  avtwdance  of  over- 
strain,— rest,  gratluiited  exercise,  moderation  in  diet,  avoidance  of  dyspnoea, 
regulation  of  the  bowels,  and  if  necessary  digitalis  and  strj'chnine.  The 
most  important  point  is  the  avoidance  of  pulmonarj^  congestion. 

The  PRO(JNosis  in  simple  septal  defect  depends  less  upon  the  extent 
of  the  lesion  than  upon  the  apparent  impairment  of  the  function.  Simple 
defects  in  the  septum  are  compatible  with  (juite  long  life,  and  many  cases 
are  reported  in  which  the  patients  have  reached  the  fourth  and  fifth  decades. 

\Vhcn  other  lesions  are  present,  such  as  pulmonary  stenosis,  abnormali- 
ties of  the  blood-vessels,  etc.,  it  is  they,  rather  than  the  septal  defect,  which 
determines  the  prognosis. 
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PATENT  FORAMEN  OVALE. 
OCCURRENCE  AND  PATHOGENESIS. 

Mere  patency  of  the  foramen  ovale  to  the  passage  of  a  probe  is  by  no" 
means  pathological.  In  stati^^tici?  of  1166  heterogeneous  autopsies  collected 
by  Vierordt,  it  was  present  313  times  (2S  per  cent.),  and  also  in  SO  (22.3  per 
cent,)  of  Zahu's  3o7  mificellaneoua  autopsies  upon  persons  past  the  age  of 
40.  This  non-closure  is  probably  due  to  tlie  fact  that  both  the  auricular 
septum  and  the  valve  closing  the  foramen  are  lined  by  endothelium,  and 
no  fibrosis  takes  place  between  the  two  surfaces  until  the  endothelial  ceUs 
Hlough  off  or  are  injured.    The  valve  itself  remains  closed  against  the  septum 

during  hfe  and  no  symptoms  are 
produced.  Perhaps,  when  heart 
failure  from  any  cause  occurs  in 
such  cii^'n  and  the  pressure  in  the 
ritdit  auricle  exceeds  that  in  the 
left,  a  certain  amount  of  blood  may 
art  dally  pass  t  lHYtu*i.h  this  embryonic 
channel,  but  in  too  small  amounts 


RA 


LA 


Fio.  258.^ — Op€ii  for»m€^  ovale.  fFroin  a  .spec- 
imeo  in  the  Aruiy  Mevlical  MuM>ir>n.  Wafthingtou.  fi. 
C.)  The  patient  »-»,«a.«»oldier  who  had  newt  »hown 
■ny  cardiac  ttigiift  ur  «>yii)ptotii^  and  no  o>  atioxiM. 


Fio.  2oO.  —  Diaeram  f^howUig  a  rroiw  aeotkip 
of  thr  «ame.  VC.  vena  cava;  RA,  right  auriele; 
FO,  furauiMi  ovale;  LA,  Ir/l  auricle. 


to  g;!ve  signs  or  symptoms.  On  the  other  hand, 'in  462  autopsies  by  Hinze 
and  by  Ogle  the  foiam^n  was  ]>ernieable  to  the  little  finger  (permanently 
patent)  in  only  9  cases  (1.9  per  cent.}. 

The  mechanism  of  secomlary  septal  defects  (auricular  stasis  of  Mor- 
gagni  and  W  illiam  Hunter)  by  which  more  than  the  usual  proyiortion  (»f 
blood  i)asses  through  the  foramen  ovale  has  been  discussed  under  pulmo- 
nary stenosis,  and  it  may  occur  with  other  congenital  lesions. 

The  truly  pathological  lesions  of  the  int^rauricular  septum  are  shrink- 
age or  total  absence  of  I  he  valve  and  perforation  of  the  septum  lietween 
the  muscle  strands  (Fig.  260).  Occasionally  the  valve  has  closed,  but  is 
somewhat  weak  and  forms  an  aneurismal  bulging.  Peacock  reports  one 
and  Abbott  two  of  these  cases,  in  all  of  which  the  protrusion  wa.s  from  right 
to  left,  indicating  that  the  pressure  in  the  right  ventricle  exceeded  that  in 
the  left. 
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PATHOLOGICAL    PHYSIOLOGY. 

A  defect  in  the  interauricular  septum  has  comparatively  little  effect 
upon  the  circulation  as  long  as  the  pres^sure.s  in  the  two  auricles  ai-e  equal 
or  nearly  so.  When  the  left  venliiele  begins  to  fail  or  the  pressure  in  the 
left  auricle  lases  from  any  cause  whatever  (mitral  stenosis,  mitral  insuffi- 
ciency, etc.),  the  patent  foramen  ovale  exercis^es  a  sort  of  safety-valve  action 
and  relieves  the  pulmonary  congestion  by  alk)wing  the  excess  t^f  blood  to 
pass  back  into  the  right  auricle.  Kitter  (18'>6)  and  Rusch  (1KC2)  have 
shoviTi  that  when  the  foramen  ovale  is  open  in  cases  of  mitral  insuf- 
ficiency, the  pulsation  in  the  jugular  vein  assumes  the  positive  ven- 
tricular type,  owing  to  the  crossing  of  the  regurgitant  stream.  How- 
ever, this  is  of  little  value  in  diagnosis,  since  the  positive  ventricular 
pulse  is  common  with  heart  weakness 
and  auricular  paralysis. 

On  the  other  hand,  when  the  right 
heart  Iveglns  to  fail  and  pressure  in  the 
right  auricle  increases,  the  blootl  follows 
the  same  course  as  it  does  in  the  foetus 
arui  passes  from  the  right  into  the  left  fokamina 
auricle.  Under  ordinary  circiimstances 
tlds  would  exert  no  infkicnce  whatever^ 
and  would  not  even  produce  cyanosis. 
But  when  the  heart  is  already  weak,  the 
circulation  slow,  and  the  blood  heavily 
charged  with  CO^,  this  sudden  admixture 
of  venous  hlrmd  carries  the  CO,  content 
past  the  physiological  limit,  and  gives 
rise  to  cyanosis  and  s>'raptoms.  More- 
over, the  blood  entering  the  coronary 
arteries  is  also  less  aerate<l,  the  cardiac 
tonicity  ami  cardiac  strength  are  im- 
paired, and  the  vicious  circle  of  the  open 
foramen  ovale  sets  in,  subsiding  again  with  inordinate  rapidity  as  soon 
as  the  pressure  in  the  systemic  veins  falls  below  that  in  the  puhuonary. 


Fio.  260.— Op^TiinK"  between  strand?  ut 
muircle  in  the  intcraiiriculiir  !«eplurii.  (From 
a  »pe<Mineii  it;  the  Army  Ml^<Jical  Miiiieiittj, 
Waahiugtoii,  D.  J'.i  The  valvuln  foruijuuini 
ovi»lJ!>  {]'AL\\  F.O.I  lit  clo»e<l  iiikI  Iiei»  ftis'wj 
wilh  the  reef  of  the  •*pmui.  FOUAMLXA, 
ahuonnnl  opeuitiK!'  hel  weeu  ^trnti<is  uf  mu*> 
clc  in  thff  Iciwer  pan  of  the  ■'eptum. 


SYMPTOM.S. 

In  most  cases  patency  of  the  foramen  ovale  alone  does  nut  give  rise 
to  any  symptoms.  For  example,  the  patient  whose  heart  is  shown  in  Fig. 
258  was  able  to  perform  his  duties  as  a  soldier  in  heavy  campaigns  and 
died  from  dysentery  without  any  symptoms  referable  to  his  heart.  Pea- 
cock mentions  the  case,  repoited  by  Spry  in  1S05,  of  a  girl  of  seven  years 
who  had  no  cyanosis  during  life  and  whose  foramen  was  patent  and  two 
inches  in  circumference  (r  inch  in  diameter).  On  the  other  hand,  he  cites 
another  case,  a  woman  of  twenty-one  whose  foramen  ovale  was  one  inch 
in  diameter,  who  from  the  age  of  three  months  "presented  characteristic 
symptoms  of  malformation  of  the  heart, — cyanosis,  palpitation,  dyspnoea, 
faiutings,  occasional  convulsive  attacks,  and  lividity." 
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PHYSICAL   SIGNS. 

Apart  from  the  paroxysmal  cyanosis  the  physical  signs  of  open  fora- 
men ovale  are  extremely  variable.  Cyanosis  and  abnormalities  in  the  retina 
may  be  present.  On  the  other  hand,  all  physical  signs  may  be  absent.  In 
some  cases  systolic,  in  others  diastolic,  murmurs  are  present  in  the  third 
left  interspace  at  the  sternal  margin.  Occasionally  there  is  heard  a  well- 
defined  presystolic  murmur  which  is  maximal  at  this  point,  and  which 
when  present  is  the  most  characteristic  sign  of  the  open  foramen  ovale. 

DIAGNOSIS. 

The  diagnosis  rests  upon  the  presence  of  paroxysmal  cyanosis 
and  of  murmurs  in  the  third  left  interspace  without  signs 
of  aortic  insufficiency  or  of  hypertrophy  of  the  right  ventricle  (well-marked 
systolic  retraction  over  the  right  ventricle  with  or  without  systolic  impulse 
in  the  second  left  interspace)  or  of  other  congenital  heart  lesions.  This  is 
especially  corroborated  if  the  child  was  a  blue  baby  at  birth  or  within  a 
few  months  afterwards,  even  if  only  during  intervals  of  a  few  hours  or  days. 
The  retinal  changes  are  valuable  signs  when  present. 

In  rare  cases  incidental  phenomena  may  help  in  the  diagnosis.  Cohnheim  cites  a 
case  in  which  the  diagnosis  was  made  from  the  occurrence  of  embolism  of  the  brain  when 
the  primary  thrombus  was  in  the  veins  of  the  leg  (crossed  embolism);  but  such  cases  are 
necessarily  extremely  rare,  and  before  such  inferences  are  niade  all  commoner  factors  must 
be  caiefuUy  excluded. 

TREATMENT. 

Treatment  between  attacks  of  cyanosis  and  dyspncea  is  confined  to 
general  hygiene  and  regulation  of  the  patient's  life,  as  described  above  for 
pulmonary  stenosis,  though,  as  a  rule,  more  latitude  may  be  allowed. 

During  the  attacks  hot  baths  and  vasodilators  (such  as 
amyl  nitrite  and  nitroglycerin)  may  be  resorted  to,  and,  when  there  is  no 
diminished  coagulability  and  the  attack  is  severe,  venesection  may  be 
performed. 

PATENT  DUCTUS   ARTERIOSUS    (BOTALLI). 
PATHOGENESIS. 

In  many  cases  in  which  the  arterial  circulation  is  markedly  disturbed 
in  the  foetus,  the  ductus  arteriosus  (Botalli)  may  be  found  to  remain  patent 
after  birth.  This  is  a  common  concomitant  of  pulmonary  stenosis  and 
especially  pulmonary  atresia,  of  the  corresponding  conditions  at  the  aortic 
orifice,  and  of  congenital  lesions  at  either  of  the  auriculo ventricular  valves. 

When  viewed  in  the  light  of  its  closure,  the  mechanism  of  this  secondary 
non-closure  of  the  ductus  is  tolerably  clear.  The  ductus  arteriosus  Botalli 
represents  the  remains  of  the  sixth  branchial  arch  (Fig.  240).  It  "is  in 
a  direct  line  with  the  pulmonary  trunk,  !<*  the  direct  continuation  of  the 
same,  and  is  of  almost  equal  size,  while  it  is  of  greater  diameter  than  the 
descending  arch  of  the  aorta.  A  distinct  narrowing  of  the  aortic  arch  is 
to  be  observed  just  above  the  entrance  of  the  ductus  into  it."    (Klotz.) 
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Closure  of  the  Ductus  Arteriosus. — Several  theories  have  been  advanced 
to  explain  the  closure  uf  the  ductus  arterioi^ud  at  birth: 

Haller  thought,  that  it  resiiltH  from  coagulation  of  ttie  blood  within  ks  luiiien.  Ktliam 
(1826)  was  the  first  to  show  that  with  the  expaiwion  of  the  Umgs  at  birth  the  resistance 
ui  the  pukiionarj'  circulation  wiis  diminished  and  a  large  amount  of  blotMJ  thus  diverted 
from  the  channel  thnnjgh  the  ductu-s.  A  numl:>er  of  theories  have  l>eeii  propOHed  to  explain 
the  exact  manner  in  which  this  diversion  of  blood  tlirough  the  pulmonary  channels  brings 
about  the  closure  of  the  ductus  arteriosuB. 

f^trassman  (1894)  attempted  to  explain  the  closure  on  purely  mechanical  grounds, 
[He  called  at  Mention  to  thtJ  fact  that  the  ductus  arteriosus  jjcnetratea  the  wall  of  the  aorta 
*»t  an  acute  angle,  so  that  the  tissue  included  in  this  angle  forms  a  sort  of  valve.  He 
believed  that  when  the  pressure  nithin  the  aorta  became  greater  than  (hat  in  the  pulmonary 
artery  (after  birthj,  this  flap  of  vessel  wall  cloaed  down  over  the  Miouth  of  llie  ductus  and 
prevented  blo»f  from  entering  it.  Strassman  found,  moreover,  that  if  he  injected  fluid 
into  the  aorta  of  a  new-born  ehilrl  at  a  pressure  under  llMl  mm.  no  blo<Kl  entered  the  j^ul- 
monary  arterj'.  These  experiments  have  l>een  very  carefully  repeated  in  a  large  munber 
of  infants  by  IClotz,  who  founfl  that  "at  all  times  when  the  ductus  arteri(jsu»  was  unob- 
literateti  by  new-fomieti  or  forming  fibrous  tissue  the  colored  fluid  found  itw  way  into  it 
for  Bonie  distance  sufficient  to  «tain  it."  Mowe\er,  the  fact  I  hat  the  communication  was 
not  a  free  one  demonstrates  that  this  vai^'ular  action  is  probably  a  contributing  catiae  in 
cutting  off  the  bloofi  flow  or  in  lessening  the  pressure  in  the  ductus. 

On  the  other  hand,  Schujze  in  1871  showed  that  the  walls  of  the  ductus  arteriosus, 
though  poor  tn  or  lacking  elastic  fibres,  were  particularly  rich  in  muscle  fibres.  He  beUevcdl 
that  when  the  blood- pressure  in  the  pulmonary  artery  fell,  and  the  blood  wa*i  diverted 
away  from  the  ductus  arteriosus,  the  itmscle  fibres  in  the  wall  contracted  down  further 
until  the  lumen  Wiu?  finally  obliterated.  Tlxie  occurs  without  any  such  intravascular  co- 
agulation aH  Haller  had  supfxiscd;  bui  Laiiger  (1S57)  has  found  that  it  is  accompanied 
by  a  very  active  prf>Iiferation  of  the  cells  in  the  intima,  with  eloughiiig  off  of  the  endothelial 
lining  (Klotz).  The  prohfenitinn  goPH  on  till  the  wall  of  the  vessel  become«  thicker  than 
that  of  either  the  pulmonary  artery  or  the  aorta,  and  it  is  finally  occluded  by  (ibrosis. 

Factors  Causing  Persistence  of  Ductus,— Under  pathological  conditions 
it  is  clear  that  anything  which  causes  obstruction  to  the  flow  of  blood 
through  the  arch  of  the  aorta  during  fetal  life  (aortic  stenosis  or  atresia, 
congenital  mitral  stenosis,  coarctation  of  the  arch  of  the  aorta,  etc.)  will 
cause  the  right  ventricle  to  carry  on  the  gi^ater  part  of  the  circulation  and 
to  force  more  blood  than  usual  through  the  ductus  arterioKus,  This  condi- 
tion, of  course,  persists  after  birth;  the  ductus,  which  now  represents  a 
main  blood  channel,  remains  open.  The  flow  continues  in  the  usual  direc- 
tion backwartl  from  the  pulmonar>'  artery  into  the  aorta. 

On  the  other  hand,  when  there  is  atresia  of  the  pulmonary  artery  the 
pressure  in  the  ductus  is  low  and  blood  enters  it  from  the  aorta,  passing 
forward  (ventraHy)  into  the  rami  pulmonales.  These  facts  explain  the 
persistence  of  the  ductus  arteriosus  in  its  usual  occurrence  as  a  secondary 
congenital  lesion. 

The  occurrence  as  a  primary  lesion  ia  rare,  only  26  cases  having  been 
collected  by  Vierordt  in  1898,  12  more  by  Abbott.  Klotz  believes  that 
these  may  be  "the  result  of  imperfect  expansion  of  the  lungs.  In  these 
cases  the  blood-pressure  has  never  been  lowered  in  the  pulmonary  system 
to  the  point  which  allowed  the  walls  of  the  ductus  to  overcome  it.^'  It 
may  also  result  from  congenital  w^eakness  of  the  left  ventricle  causing  a 
low  blood -press  tire  in  the  aorta  at  the  time  of  birth. 

The  size  and  structure  of  the  patent  ductus  may  vary  greatly,  from  a 
short  and  narrow  passage  to  an  almost  aneurismal  dilatation.    Acute  or 
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malignant  vegetations  are  not  uncommon  within  the  lumen,  and  the  pres- 
ence of  an  open  ductus  tends  to  predispose  to  endocarditis.  Arterioscle- 
rosis of  both  the  ductus  and  the  pulmonary  artery  also  occurs,  perhaps  as 
a  result  of  the  high  pulmonary  pressure. 

SYMPTOMS. 

The  symptoms  of  uncompHcated  patent  ductus  arteriosus  are  usually 
obscure  and  slight,  and  the  condition  is  oft«n  found  incidentally.  Cyano- 
sis is  sUght  and  transitory.  Slight  weakness  and  shortness  of  breath  on 
exertion  may  occur,  but  many  of  the  cases  are  devoid  of  symptoms. 

PHYSICAL   SIGNS. 

Several  diagnostic  features  of  open  ductus  arteriosus  have  been  pub- 
lished at  various  times.  CJerhardt  in  1867  described  a  small  quadrilateral 
extension  of  the  area  of  dulness  in  the  second  (and  first) 
left  interspace.  In  this  region  the  pulsation  of  the  pulmonary  artery  may 
be  seen,  and  the  well-marked  systolic  retraction  is  often  seen  over  the  inter- 
spaces corresponding  to  the  hypertrophied  right  ventricle.  Zinn,  de  la 
Camp,  and  others  have  found,  on  examination  with  the  fluoroscope,  that 
Gerhardt's  area  of  dulness  corresponds  to  a  round  shadow  of  a 
small  mass  along  the  left  upper  margin  of  the  cardiac  shadow,  where 
the  pulmonary  artery  and  left  auricle  are  usually  seen  (Fig.261).  This 
mass  shows  systolic  pulsation  and  corresponds  to  the  dilated  ductus  arterio- 
sus. This  dilatation  is  frequently  aneurismal.  The  picture  with  the  X-ray 
is  thus  of  great  diagnostic  value,  but  one  must  carefully  exclude  an  aneu- 
rism of  the  aorta  behind  the  sinus  of  Valsalva.  In  contrast  to  the  shadow 
of  the  left  auricle,  this  shadow  is  magnified  when  the  tul>e  is  placed  in  front 
of  the  body  as  compared  with  the  illumination  from  behind. 

On  auscultation  the  characteristic  sign  is  a  rough  or  blowmg  murmur 
in  the  second  left  interspace,  which  follows  the  first  sound  and  may  continue 
into  diastole  (O.  A.  Gib.son,  Med.  Press  and  Circ,  1906,  Ixxxi,  672).  It  is 
caused  by  the  rush  of  blood  through  the  narrow  mouth  of  the  ductus.  The 
second  pulmonic  sound  is  present  and  accentuated.  The  murmur  is  sometimes 
absent  in  diastole.  P'rangois-Franck  has  shown  that  this  murmur  is 
heard  loudly  at  the  left  back  over  the  area  at  which  the  aorta 
comes  in  contact  with  the  chest  wall  (level  of  the  third  and  fourth  spines), 
to  which  it  is  transmitted  in  a  direct  line. (Fig.  256).  He  showed  that 
the  loudness  of  this  murmur  bears  a  definite  relation  to  the  phases  of  respi- 
ration. It  is  loudest  (luring  expiration,  for  at  that  time  the  resistance  in 
the  pulmonary  circuit  is  greatest,  and  hence  the  blood  flows  through  the 
ductus  more  rapidly;  but  l^ecomes  feebler  in  iihspiration  when  more 
blood  passes  through  the  lungs  and  les.s  through  the  ductus.  Fran^ois- 
Franck  also  found  that  this  variation  in  the  blood  flow  into  the  aorta 
found  equally  marked  expression  in  the  pulse,  causing  a  rise  of  pressure 
and  full  pulse  in^  expiration,  fall  and  small  puLse  during  inspiration 
(pulsus   paradoxus). 

These  signs,  however,  occur  only  in  cases  in  which  there  is  an  efficient 
circulation  through  the  pulmonary  orifice.     In  the  cases  associated  with 
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pulmonary  atresia  where  the  flow  through  the  ductus  is  in  the  opposite 
direction,  the  iiiuniiur  may  be  absent  at  the  bat-k  and  will  be  loudest  during 
inspiration,  fur  then  the  inflow  into  the  laiigs  ia  greatest.  Never- 
theless, the  pulse  will  remain  a  pulsus  paradoxus,  for  the  flow 
through  the  aorta  during  inspiration  will  be  diminished  just  the  same. 
Thi.s  respiratory  variation  of  murmur  and  pulse  is,  however, 
often  absent  in  spite  of  the  open  ductus,  as  is  the  systolic  murmur  itsi>lf 
in  some  cases.  Neither  bears  an  absolute  relation  to  the  degree  of  patency 
of  the  ductus. 
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Fi<5.  2rtl. — Radiograph  of  a  thifteea-ycar-old  boy  wiUi  patent  fluclu.o  Brtffricwuw  (Botallt)  ami  nneu- 
rismal  tlilatalion  of  tlie  ducta*  au<l  pulmonary  artery.  (.\(ter  lloch!iing«r.  in  Pfuundler  and  HcUluuniann's 
** l>i,«*as«efl  of  Clulilreii.")  A.h.  arch  of  the  uurta;  DH,  ductiu*  BotAlli  and  pulm<(imr>  artory  dilated  like 
at)  aittfiirinn,  iriving  a  ca^H^hap^  top  to  (lie  shadow  r»f  the  heart;  Ml,  int«mal  maintnar}'  artery,  cooaider- 
sbly  dilat49d,  deiiotinK  an  inteninl  collut^rral  circulatiun. 


A  diastolic  murmur  is  often  heard  along  with  the  systolic,  sometimes 
replacing  the  .second  sound  but  more  often  accompanying  or  following  an 
aecentuateti  pulmonic  sound.  The  inequality  in  pressiii'e  between  aorta 
and  pulmonary  arterj'  persists  during  diastole,  and  Uie  almttrmal  blood 
flow  therefore  continues  anrl  produces  the  murmur  in  diastole.  When  the 
difference  of  pressure  is  slight,  especially  with  bw  peripheral  resistance, 
the  diaatolio  murmur  may  be  absent. 
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DIAGNOSIS. 

From  the  above  discussion  the  points  upon  which  the  diagnosis  of  the 
open  ductus  art^^riosus  may  rest  are  sufficiently  clear, — pulsution  over  the 
right  ventricle,  Gerhardt's  dulness,  a  syntolic  or  double  murmur  loudest  at 
second  left  interspace  and  heard  at  the  left  upper  back,  expiratory  accent- 
uation and  pulsus  paradoxus,  and  the  pulsating  mass  in  Gerhardt's  area 
seen  on  X-ray  examination.  In  addition,  the  history  may  show  that  the 
patient  was  blue  at  birth  {l>efore  the  pulmonary  channels  have  opened  up) 
but  that  cyanosis  soon  passed  off. 

J.  Pleach  in  Kraiis's  clinic  (Berl.  kiln.  Wchniichr..  1909,  xlvi,  391}  has  atlempted 
to  make  the  diagnosis  by  analyses  of  the  ex|))reii  air.  By  a  very  simple  device  he  (iet«r- 
mines  the  percentage  to  which  the  blood  flowing  through  the  pulmonary  artery  is  satu- 
rated with  oxygen.  Under  nornjal  conditiojis  the  saturation  is  ;iS-70  per  cent,  of  its  oxj-gen 
capacity.  In  patent  ductviH  arterio8t»K  the  MckkI  in  the  pulmonary  artery  is  mixe<i  blood 
and  hence  it«  oxygen  content  ig  higher  (80-90  per  ceal.).  The  uera  ted  blood 
could  enter  only  through  a  patent  ductus  arteriosus. 

t 

TREATMENT. 

Treatment  for  the  persistence  of  the  ductus  consists  mainly  in  those 
methods  which  improve  pulmonary  circulation, — breathing  exercises, 
careful  hygiene,  avoidance  of  exposure  to  pulmonar>'  infections,  and  avoid- 
ance of  fatigue,  general  muscular  and  cardiac  overstrain.  Since  the  per- 
sistence of  the  ductus  is  in  itself  a  compensatory  process,  it  calls  for  no 
special  remedy.  To  ligate  it,  as  might  readily  be  done  after  opening  up 
the  thorax  under  positive  pressure,  would  be  harmful  rather  than  liene- 
ficial.  Otherwise  general  hygienic  measures  and  cardiac  stimulants  are 
of  value,  as  in  other  diseases.  But  in  many  cases  open  ductus  Botalli  has 
no  effect  upon  ttie  duration  of  life  and  requii-es  no  treatment. 

STENOSIS  OF  THE  AORTA. 

Stenosis  of  the  lumen  of  the  aorta  may  occur  in  three  places: 
I.  At  the  aortic  valve. 
II.  Stenosis  of  the  arch  of  the  aorta, 

1.  Above  the  entrance  of  the  ductus  arteriosus  Botalli. 

2.  Just  below  the  entrance  of  the  ductus  arteriosus  Botalli. 

I.  Stenosis  at  the  aortic  orifice  is  ono  of  the  rarer  con- 
genital lesions  (2  per  cent,  of  Abbott's  series),  though  probably  many  of 
the  milder  eases  escape  detection.  It  is  usually  due  to  endocarditis  late  in 
fetal  life. 

Those  which  develop  earher  in  fetal  existence,  in  which  tnie  aortic 
atresia  occurs,  are  quite  analogous  to  the  cases  of  pulmonary  ati-esia, 
except  that  the  posterior  instead  of  the  anterior  channel  of  the  common 
truncus  arteriosus  fails  to  develop.  The  changes  in  the  fetal  circulation 
are  similar  to  those  in  pulmonary  atresia,  but  affect  the  opposite  sides  of 
the  heari:.  The  septa  remain  open,  and  occasionally  one  ventricle  {the  left) 
fails  to  develop.  Practically  the  entire  .systemic  circulation  is  carried  on 
by  the  pulmonary  artery  through  the  ductus  arteriosus. 

The  consequences  of  the  lesion  are  very  severe  and  few  cases  survive 
birtb^  in  striking  contrast  to  pulmonary  stenosis  and  atresia.    No  dotibt 
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this  is  due  to  the  fact  that,  since  the  right  ventricle  is  the  stronger  in  fefal 
life,  it  succeeds  in  establishing  a  better  compensatory  circulation  after 
atresia  of  its  orifice  than  does  the  left.  Moreover,  when  the  first  breath  is 
taken  after  stenosis  of  the  aorta,  it  is  venous  instead  of  arterial  blood 
which  is  thrown  into  the  organs. 

11.  Stenosis  in  the  vicinity  of  the  ductus  B  o  t  a  11  i 
is  one  of  the  most  common  congenital  heart  lesions,  occurring  in  198  of 
Abbott's  412  cases.  Like  most  abnorinaUties  it  arises  as  an  exaggeration 
of  a  condition  which  is  normally  present  in  the  foetus.  As  stated  above, 
Klotz  finds  that  there  is  a  distinct  narrowing  of  the  aortic  arch  just  above 
the  entrance  of  the  ductus  into  it.  This  is  no  doubt  due  to  the  fall  of  pres- 
sure in  the  aorta  which  occurs  below  the  left  carotid  artery  and  the  rise 
further  on  when  the  blood  ent<^rs  from  the  ductus. 

Hamernik  in  1S44  divided  the  cases  into:  (1)  stenosis  above  the 
ductus,  (2)  those  at  the  entrance  of  the  ductus,  and  (3)  those  below  the 
ductus.  Bonnet,  who  made  an  exhaustive  study  of  the  subject  in  1903» 
discards  Hamernik's  second  group,  and  diatingiushes  two  t>T)es: 

1.  The  type  in  the  new-born,  in  which  the  stenosis  occurs  above  the 

ductus  ami  the  latter  remains  open. 

2.  The  type  found  in  adults,  in  which  the  stenosis  occurs  Ijelow  the 

ductus.    The  latter  is  closed  and  collateral  circulation  develops. 

Bonnet's  studies  were  based  upon  160  cases,  of  which  55  (34.3  per  cent.) 
were  of  the  new-born  type  and  105  (65.7  per  cent.)  were  of  the  adult  type. 

Typ«  of  the  New-born. — The  cases  of  the  new-born  type  represent  an 
exaggeration  of  the  slight  narrowing  in  the  aorta  which,  as  Klotz  states, 
is  present  above  the  left  subclavian  arter}^  and  the  ductus  Botalh.  Em- 
bryologicaily ,  as  Longa  points  out,  this  represents  the  branch 
joining  the  fourth  and  sixth 
branchial  arteries  (Fig,  240} 
and  might  corrcspoml  to  a  failure  of 
development  of  this  branch.  On  the 
other  hand,  the  amount  of  blood  in  the 
aorta  is  very  much  depleted  by  the 
flow  into  the  innominate,  left  carotid, 
and  subclavian,  so  that  its  lumen  is 
naturally  smaller  until  replenished  by 
the  inflow  from  the  ductus.  There  is 
consequently  a  region  of  functional 
stenosis  between  these  two  points 
which  may  be  exaggerated  by  con- 
traction of  the  muscle-fibres  in  the 
wall  of  the  aorta.  The  weaker  the 
action  of  the  left  ventricle  the  more 
marked  will  be  this  functional  steno- 
sis. The  ductus  Botalli  therefore  takes  on  more  and  more  of  the  circu- 
lation in  the  lower  parts  of  the  body,  and  fetal  life  may  be  undisturbed  as 
long  as  the  right  ventricle  is  pumping  aeratetl  blood;  but  when  this  con- 
tlition  ceases  and  the  pulmonary  channels  widen  and  pressure  in  the  ductus 
falls,  the  aortic  circulation  may  become  insufficient  and  the  syndrome  of 


Fio.  202. — Strno«ip  of  the  imhroun  of  the 
•orta  iilxjve  the  ductus  arterioFue  (EtoUiUi), — 
type  of  the  iiew-bom.  (From  a  specimen  in  the 
Army  MrtUc&l  MtUHiUtu,  Wa^hingtou,  D.  C.) 
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congenital  heart  disease  may  result.  It  is  rare  for  these  children  to  live 
more  than  a  few  weeks,  or  at  most  a  few  month:*,  and  many  die  at  birth. 
Physical  signs  are  indefinite,  confined  to  double  murmurs  over 
the  chest  ami  back  and  in  most  cases  cyanosis.  There  are  very  often  asso- 
ciated malformations,  such  a^  pulmonary  st^noais,  open  septum  ventric- 
ulorum,  etc. 

In  this  form  there  is  very  little  attempt  at  establishment  of  a  c  o  1 1  a  t^ 
era  I  circulation,  since  the  greater  pait  of  the  systemic  circulation 
is  maintained  by  the  right  ventricle  through  the  ojwn  iluctus  arteriosus, 
just  as  it  is  l>efore  birth.  Owing  to  the  completeness  of  this  compensation, 
there  may  l>e  little  difference  between  the  pulses  in  tiie  upper  and  in  the 
lower  extremities,  antl  the  clinir-ul  diagnosis  is  scarcely  ever  made. 

Adult  Type.  —  In  the  second  or  adult  type,  which  is  more 
common,  the  stenosis  occurs  just  tjelow  the  entrance  of  the  ductus  Botalli, 
and  this  vessel  is  found  to  be  closed.     Indeed,  the  very  stasis  at  this  point 

assists  in  its  closure.  The  mode  of 
origin  of  the  stenosis  at  this  point  is 
not  clear.  Bonnet  calls  attention  to 
the  fact  that  the  lumen  of  the  ao^a 
at  the  stenosis  (usvjally  2-4  mm.)  is 
about  that  of  tlie  normal  aorta  at  the 
time  of  birth,  and  thinks  that  the 
whole  anomaly  may  be  of  post- 
natal development.  It  is  possible, 
as  he  suggests,  that,  when  the  ductus 
Bntalh  is  particularly  long,  the  fibro- 
sis of  the  latter  brings  about  a  kink- 
ing of  the  aorta  at  this  point,  and 
witli  a  dOatation  above  and  stenosis 
at  the  point  of  kinking. 

8koda,  on  the  other  hand,  has 
suggested  that  the  .stenosis  may 
result  from  a  bund  of  fibrosis  passing 
around  the  aorta  at  this  point;  but,  though  this  theory  is  alluring,  there 
is  no  definite  histological  evidence  in  its  support. 

The  stenosis  cuts  off  the  circulation  from  all  parts  of  the  body  below 
the  stenosis,  but  the  hiirh  pressure  due  to  the  stagnation  above  it  causes  a 
progressive  dilatation  of  other  ai'terial  channels,  such  as  the  mammariea, 
thoracic  ami  scapular  arteries,  which  are  always  found  to  be  much  dilated. 
Indeed,  the  collateral  circulation  may  Ije  so  good  that  the  lumen  of  the  aorta 
below  the  stenosis  may  be  as  great  as  above  it  (hour-glass  constriction), 
though  usually  it  is  somewhat  narrow  and  it  may  even  l>e  funnel-shaped. 
CUnically  the  presence  of  this  ty\ye.  of  stenosis  does  not  necessarily 
shorten  life,  though  this  depends  largely  upon  the  conipleteneaa  of  the 
collateral  circulation.  The  symptoms  are  chiefly  those  of  cerebral  conge»- 
tion, — headache,  vertigo,  buzzing  in  the  ears.  Occasionally  there  are  pains 
in  the  chest.  Bonnet  calls  attention  to  the  fad  that  in  his  105  cases  tliere 
was  never  intermittent  claudication,  showing  that  the  circulation  in  the 
lower  hmbs  is  always  sufficient. 


FlO.  2ft.3. — ^Stenosis  below  the  rluctus  iirt<«ri- 
08IU  (Botslli). — ttdult  t>i»!'.  (After  HoDuet.  Uev. 
de  MM..  Par.,  1903.  uiii.) 
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common 

the  ilifTereiice  in  the  size  and  q«iality  uf  the  pulse  in 
the  upper  and  lower  extrenuties,  the  carotid  and  radial  pul:?e.s  being  large 
and  throbbing,  the  femoral,  popliteal,  and  dorsalis  |>edis  as  well  as  the 
abdominal  aorta  small  or  impalpable.  Though  the  diagnosis  intra  vitnm 
is  rare,  Lepine  was  able  to  make  it  from  these  data  in  two  cases.  Dr.  W.  S. 
Morrow  calls  attention  to  the  possibility  of  diagnosis  from  marked  differ- 
ence in  the  brachial  and  tibial  blood-pressures,  but  just  as  in  aneurisms 
the  difference  in  size  and  quality  of  the  pulse  on  palpation  would  usually 
he  more  marked  than  that  of  the  blood-pressurea.  Moreover,  Halsted 
has  found  little  difference  between  brachial  and  ft-nioral  pressures  in  man 
after  the  abtlominal  aorta  has  been  occluded  with  metal  bands  for  the  treat- 
ment of  aneurism.  The  presence  of  large  tortuous  mammarj',  thoracic, 
and  scapular  arteries  aids  in  the  diagnosis.  There  are  usually  low  murmurs 
over  the  arteries,  especially  at  the  angle  of  the  left  scapula,  as  was  present 
in  a  case  diagnosed  by  Mercier  in  1S39. 

Valvular  disease  of  the  heart  frequently  results  from  the  increased 
work  thrown  upon  the  heart  and  dilatation  of  aortic  and  ndtral  orifices, 
and  their  signs  complicate  the  picture.  Before  making  the  diagnosis,  it  is 
always  necesaarj'  to  exclude  aneurism  and  meiliastinal  tumor  by  the  absence 
of  dulness  on  percussion  and  of  abnormal  shadows  on  X-ray  examination. 

TREATMENT. 

^        Treatment  depends  pureiy  upon   symptoms,   occasional   venesection 
being  of  value  to  relieve  the  headaches.    It  is  most  important  for  the 
patient  who  suffers  from  these  symptoms  to  avoid  over-exertion  or  excite- 
ment, which  cause  too  vigorous  action  of  the  heart. 
\ 
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Virchow  has  also  called  attention  to  another  form  of  abnormality  in 
the  lumen  of  the  aorta^  a  diffuse  narrowing  of  its  entire  lumen  throughout 
its  whole  extent  (hypoplasia  of  the  aorta).  This  condition  is  associated 
with  under-development  of  the  elastic  and  muscular  elements  in  the  arterial 
wails.  As  Virchow  and  other  observers  have  found,  it  is  often  associated 
with  chlorosis  of  intense  grades  and  occasionally  accompanies  other  con- 
genital malformations  of  the  heart. 

About  the  objective  finding  there  is  little  dispute.  The  only  point  in 
question  is  whether  the  condition  is  to  be  regarded  as  a  true  congenital 
malformation  or  as  a  postnatal  development,  which,  hke  the  changes  in 
rickets,  is  determined  by  conditions  of  growth  and  nutrition  during  child- 
hood and  may  be  corrected  by  cure  of  these  conditions.  It  is  possible  that 
it  may  be  secomlary  to  the  conditions  which  bring  on  anaemia,  and  due  to 
the  fact  that  the  aortic  walls  have  never  been  subjected  to  the  stimulating 
influence  of  an  adequately  high  blood-pressui-e.  That  this  may  be  a  factor 
in  the  development  of  and  strengthening  of  blood-vessel  walls  has  been 
shown  especially  by  the  results  of  arteriovenous  anastomosis  and  trans- 
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plantation,  in  which  the  walls  of  the  transplanted  vein  become  thicker  and 
richer  in  elastic  and  muscular  elements  (Carrel) .  It  is  of  course  extremely 
difficult  to  determine  what  would  have  occurred  if  such  cases  had  recovered 
from  their  anaemia  or  primaiy  debility  and  blood-pressure  had  reached  a 
normal  level.  It  is  equally  difficult  to  determine  that  any  such  cases  have 
recovered  under  these  conditions,  though  the  fact  that  the  lumen  of  the 
radial  artery  increases  (pulse  becomes  larger)  with  the  recovery  from 
chlorosis  is  of  course  definite. 

P'or  the  present,  therefore,  one  must  hesitate  somewhat  in  classing 
hypoplasia  of  the  aorta  among  the  definite  congenital  malformations. 
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ri  .     I   'Titian  of  the  viscera  in  cnibryoaDdariult.    (i^ohetuatie.)   .^.fl.C\  position  of  organ* 

in  the  ciiiIt>>j,  u,  6,  c,  pusiiioa  of  «irgai).<i  in  t)i«' mluJt.     .4,  a,  nomml;  B,  &,  trfLOspoeitioD  of  the  lieart  and 
arterie^i  simple  dextrocardia;   C,  c,  complete  situa  Iransvereus, 


COMPLETE  AXD  PARTIAL  SITUS  TRANSVERSUS. 

It  is  not  extremely  rare  to  meet  with  a  case  of  complete!  transposition 
of  the  viscera,  so  that  the  heart  and  stomach  are  found  to  lie  on  the  right 
side  (dextrocardia,  dexiocardia)  and  the  liver  upon  the  left. 
This  condition  is  probably  brought  about  by  a  change  in  position  of  the 
cardiac  tube  in  early  embryonic  development,  so  that  it  lies  in  the  position 
of  d  instead  of  the  normal  S  (Fig.  264).  Maude  Abbott  suggests  that 
in  these  cases  there  is  a  change,  the  embr>'o  lies  in  an  abnormal  position 
\vithin  the  chorion  so  that  its  right  side  instead  of  its  left  is  closer  to  the 
hlood  supply.    At  all  events  the  relation  of  the  organs  is  the  mirror  imagp 
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Electrocardiogram  from  &  cue  of  complete  tninapoBitioD  of  aU  the  orguu  (aitus  iDvenis),  tbowuig 

all  ibe  wave*  inTerled. 
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of  the  normal  condition.  In  complete  transposition,  however,  the  organs 
develop  normally,  and  the  condition,  thuuftli  uiiuHual,  hiis  no  effect  upon 
the  function.  Persons  whovse  hearts  lie  on  the  right  .side  are  quite  as  free 
from  symptoms  as  those  whose  hearts  are  on  the  left,  provided  the  other 
viscera  are  normal;  and  the  romiition  is  usually  discovered  accidentally 
during  routine  physical  examination.    In  such  cases  the  apex  impulae  and 
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Fin,  265. — Transposition  of  ih«»  valvM.  (From  a  sppciiiien  in  the  Army  Me<licat  MtuMjiim,  Wn*- 
iOfion,  D.  C.)  The  course  i>f  tlip  iiitervetiLncular  sepluin  Li  indicated  upan  Ihe  heart  wall.  The  course 
of  the  blood  BtrMm  in  aliown  by  the  arrows. 

heart  sounds  are  heard  in  the  fifth  right  interspace,  and  the  second  aortic 
is  heard  on  the  left  side  instead  of  on  the  right.  The  diagnosis  may  always 
be  made  with  the  X-ray.  The  electrocardiograph  shows  sometimes  inverted 
waves,  sometimes  a  curve  tliat  is  practically  normal. 

Dextrocardia  {doxiocardia)  without  transposition  of  other  viscera  is 
much  rarer.  Most  frequently  it  is  due  to  a  pushing  or  pulling  of  the  heart 
to  the  right  by  intrathoracic  growths  or  adhesions,  but  occasionally  (.in  2 
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FiQ.  206, — Pulmonary   arUry   with    four   cu«pi«.      (Frnm   a   specimen   in    the   Army    Medical   Museiun, 

WaBbingtua.  D.  C.)  » 

of  Abbott's  412  eases)  it  is  due  to  alteration  in  development.  Under  these 
circumstances  the  pulmonarj-  artery  is  given  off  from  the  left  ventricle, 
the  aorta  from  the  right.  Great  variations  may  be  seen  in  the  arrangement 
of  venae  cava^,  which  sometimes  enter  the  left,  sometimes  the  right  auricle. 
The  results,  as  in  other  cases  in  which  the  blood  is  mi.\ed,  var>'  greatly. 
The  syndrome  of  congenital  heart  disease  nuiy  be  present,  owing  to  the 
mixing  of  blood,  but  the  exact  transposition  of  vessels  can  rarely  be 
diagnosed  intra  vitam. 
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ABNORM.\LITY  OF  THE  VALVES. 

The  number  and  formation  of  the  eardiac  valves  may  also  undergo 
alteration  in  fetal  life.  In  the  aortic  and  pulmonic  this  is  usually  due  to 
inflammatory  fusion  of  two  cusps  forming  a  bicuspid  valve  (Fig.  265), 
or  to  the  fact  that  one  of  the  leaflets  is  divided  into  two  parts  by  a  slit  and 
finally  under  the  influence  of  the  blood-pressure  grows  to  form  symmetrical 
cusps  (Fig.  266J. 

In  the  mitral  and  tricuspid  valves,  especially  in  association  with  open 
septum  ventriculorum,  there  may  be  a  split  in  the  niidJie  of  one  leaflet, 
practically  converting  it  into  two  separate  cusps.  Except  for  the  forma- 
tion of  valvular  insufficiencies  which  result,  multiplicity  or  paucity  of  the 
cusps  has  no  pathological  effects. 

A  large  number  of  other  malformations,  such  as  partial  separation  of 
the  two  ventricles  to  form  a  "bifid  apex,"  defective  formation  of  the  chest 
wall  with  exposure  of  the  heart  (ectopia  cordis),  malposition  of  the  heart 
causing  it  to  lie  in  the  abdomen  or  the  neck,  transposition  and  malformation 
of  the  great  arteries  and  veins,  tire  encountert>d.  Space  does  not  fjermit 
of  a  complete  discussion  of  the.se  con<litions,  for  which  the  reader  is  referred 
to  the  magnificent  article  by  Dr.  Maude  Abbott  in  Volume  IV  of  Osier's 
Modern  Medicine. 

BIBLICXJRAPHY. 
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XI. 

HEART-BLOCK  AND  THE  ADAMS-STOKES  SYNDROME. 


HISTORICAL. 

In  1S27  Robert  Adams,  of  Dublin,  reported  the  case  of  a  revenue 
officer,  aged  6S,  whose  pulse-rate  was  30  per  minute  and  who  suffered 
from  dy.spncea,  cough,  and  attacks  of  fainting  ("apoplectic  attacks"), 
"during  which  his  pulse  would  become  even  slower  than  usual.  .  .  . 
He  recovered  from  them  without  paralysis."  In  the  same  year  an  exactly 
,  similar  case  was  reported  in  great  detail  by  Wm.  Burnett.  Burnett's 
observations  were  reported  even  more  carefully  and  in  greater  detail  than 
tho.se  of  Adams  and  ill  deserve  to  have  fallen  into  oblivion.  Burnett 
further  called  attention  to  the  fact  that  Morgagni  had  described  two  cases 
of  *' epilepsy  with  slow  pulse"  in  1761.  Holberton  described  another  case 
in  1811,  but  general  attention  was  not  attracted  to  the  condition  until 
Wm.  Stokes  publii^hed  four  cases  in  1846. 

Since  then  the  condition  of  persistent  extreme  brady- 
cardia with  syncopal  or  convulsive  seizures  has  been 
known  as  the  Adams-Stokes  syndrome,  though  it  may  more 
accurately  be  designated  by  the  names  of  Morgagni-Adams-Stokes,  aa 
Pletnew  has  done,  or  by  that  of  JIorgagni-Adams-Burnett  or  Adams-Bur- 
nett syndrome. 

As  but  little  can  be  added  to  the  clinical  descriptions  of  these  cases, 
one  of  Stokes's  histories  may  be  reported  in  some  detail: 

"Edmund  Butler,  aged  6R,  stated  that  his  health  had  been  robust  until  three  years 
before  admission,  at  whieh  time  he  was  Buddenly  seized  with  a  fainting  fit.  This  occurred 
aeverat  times  tluring  the  day  :ind  always  left  him  without  any  unpleasant  effects.  Since 
that  time  he  ha*  never  been  free  from  attacks  for  any  considerable  length  of  time,  and  haa 
had  at  least  fifty  Biich  seizures.  The  fits  are  very  uncertain  an  to  their  period  of  invasion 
and  very  irregular  a.s  to  their  intensity,  «ome  being  much  milder  and  of  shorter  deration 
than  others.  They  are  induced  by  any  circumstance  tending  to  itn|>ede  or  opprt^iis  the 
heart's  action,  such  aa  sudden  exertion,  distended  stomach,  or  constipated  Jxhwels.  There 
is  UttJe  warning  given  of  the  apprc/aclung  attack.  He  feels,  he  says,  a  hjmp  first  in  the 
stomach,  which  paaaes  up  throiigli  the  right  side  of  the  neck,  where  it  seems  to  explode 
and  pass  away  Vfiih  a  noise  like  thunder  by  which  he  is  stupefied.    This  is  often  accompanied 

by  a  fluttering  sensation  about  the  heart At  first  he  foimd  that  spirits  were  the 

best  restorative  or  prophylactic,  but  latterly  he  haa  not  used  them,  being  'afraid  to  die 
with  spirits  in  his  belly.' 

"On  admission  he  was  haggard  and  emaciated On  percussion  the  chest 

is  universally  resonant.  The  respiratory  murmur  is  louder  and  combined,  especially  pos- 
teriorly, with  large  mucous  riiles.  The  impulse  of  the  heart  is  slow  and  of  a  dull  heaving 
character.  ....      The  first  sound  is  accompanied  by  a  soft  bruil  de  souffiei.    The  second 

sound  is  also  imperfect We  remarked  to-day  that  on  Ustening  attentively  to  the 

heart's  action  we  perceived  that  there  were  occasional  semi-beats  between  the  regular  cou- 
tractions, — very  weak,  \inattenflefl  with  impulse,  and  corresponding  to  a  aiitiilar  state  of  the 
pulse,  which  thus  amounts  to  about  28  ia  the  minute,  the  evident  beata  being  only  28.  .  .  . 
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"  (June.)  The  cardiac  phenomena  remain  as  before,  but  a  new  symptom  has  appe&r<?d, 
namely,  a  very  reraarkalile  ptilsation  in  the  right  juipilar  vein.  This  is  mf*8»  evident  when 
the  patient  is  lying  down.  The  number  of  reflex  pulsations  i.^  difficult  to  be  establishe'1, 
but  there  are  more  than  double  the  Dumber  manifest  contractions.  About  every  third 
pulsation  is  very  strong  and  sudden  and  may  be  seen  at  a  distance;  the  remaining  waves 
are  much  less  distinct. 

"  He  has  scarcely  had  any  of  the  cardiac  attack  since  he  was  discharged." 
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THE   CONCEPTION    OF  HEART-BLOCK. 

Stokes  did  not  appear  to  have  any  definite  understanding  of  the  nature 
of  these  "  semi-beats  ^'  nor  of  the  functional  disturbance  associated  with 
them.  A  similar,  more  aeeurate  observation  was  made  by  A.  Chauveau. 
Chauveau  in  1882  made  oliservations  upon  a  case  whose  usual  pulse-rate 
was  24  per  minute,  and  who  suffered  from  occasional  attacks  of  vertigo 
and  loss  of  consciousness.  Tracings  made  from  the  apex  showed  a  series 
of  large  beats  at  regulur  intervals  corresponding  to  the  loud  heart  sounds 
and  to  the  radial  pulse,  and  also  a  second  series  of  very  small  notches  occur- 
ring at  equally  regular  inter- 
vals but  bearing  no  relation 
whatever  to  the  beats  of  the 
ventricle.  As  in  Stokes's  case, 
these  small  pulsations  were  ac- 
companied by  "small  sounds 
which  may  give  the  illusion  of 
reduplication  of  either  heart 
sound."  The  usual  presystolic 
notch  due  to  the  auricular  l)eat 
was  absent,  and  Chauveau  cor- 
rectly concluded  that  these 
small  notches  were  due  to  the 
contract iutis  oi  tin-  auricles,  which  were  beating  at  a  rate  of  66  per  minute 
while  the  rate  of  the  ventricles  wa.s  24,  Chauveau  investigated  the  matter 
experimentally,  and  was  able  to  tlemiJiistrate  that  in  horses  upon  stimulation 
of  the  vagus  the  auricles  could  be  observed  to  beat  more  frequently  than 
the  ventricles.  He  therefore  naturally  considered  the  dissociation  of  aiu-icular 
and  ventricular  rhythm  as  due  to  over-stimulation  of  the  vagus. 

Chauveau's  conclusions  that  heart-block  may  result  from  stimulation  of 
the  vagus  liave  been  confirmed  recently  by  Hothbergerand  Winterberg,  Garrey, 
and  Robinson  and  Drai)pr,  who  have  shown  that  it  is  chiefly  the  left  vagus 
which  acts  upon  the  auriciiloventricular  bundle;  and  the  latter  have  even  been 
able  to  produce  partial  heart-block  in  man  by  pressure  upon  the  left  vagus. 

While  Chauveau  wjis  ex|ietimenting  in  France,  Wooldridge  under  Ludwig's  direc- 
tion was  invesligaling  the  t-ounse  of  the  nerves  in  the  cardiac  septum.  W(X)ldridge  found 
that  when  he  tightoniHl  a  ligature  which  embraced  only  the  septum,  the  auricles  and  vcn- 
tneles  beat  imlt^peniicntly  and  the  ventrich«  no  longer  responde*!  to  vag\:s  iuhibitioo. 
When  the  ligature  was  loosened  the  rhythm  returned  to  normal.  Tigeratedt  in  1884  also 
obtained  dissociation  of  auricles  and  ventricles  by  cutting  the  septum. 

These  observations  under  Ludwig's  direction  were  made  with  the  view- 
only  of  cutting  the  ititrai-ardiae  nerves.  As  a  matter  of  fact,  the  muscular 
comieetions  were  severed  as  well,  but  the  importance  of  these  was  disregarded. 


FiQ.  2B7. —  TrarinK  of  the  npax  b^at  in  a  C«JMJ  of  AilatniH 
^-■''■'      '  (After  Chauveau.) 
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The  myogenic  conduction  from  auricle  to  ventricle  was,  however,  at  this 
very  period  being  demonstrated  by  Gaskell  in  Cambridge  upon  the  heart 
of  the  tortoise  and  frog,  in  w^hich  the  auriculoventricular  function  is  repre- 
sented by  a  wide  band  of  muscle  whose  properties  differ  somewhat  from 
those  of  cither  the  auricle  or  the  ventricle.  Gaskeil  demonstrated  that  '*  if 
thia  auriculuvf'ntricular  ring  were  damped,  the  auricle  continued  to  beat 
at  unaltered  rhj^hm,  but  as  the  clamp  was  tightened  the  period  bctwcea 
auricular  and  ventricular  contractions  (A,-V»  interval,  on  conduction  time) 
was  gradually  lengthened;  then  the  ventricle  failed  to  respond  to  some  of 
the  impulses  from  the  s  auricle,  and,  according  to  the  tightness  of  the  clamp, 
the  ventricle  could  be  made  to  ...  .  respond  to  every  second  contraction 
of  the  auricles  (partial  heart-block),  to  respond  to  every  third,  fourth,  or 
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Dr-F.  W .  Pcabofiyand  the  writer.)   A,  A,  A.  A.  auricular  contr&ciioue  to  which  the  vejitriclesdonot  re^pund. 


other  contraction,  or  to  remain  quiescent.  When  the  clamp  was  closed  very 
tightly  the  ventricle  remained  still  for  a  variable  time,  then,  in  accordance 
to  its  inherent  rhjihmical  power,  developed  a  rhythm  of  its  own  (rh>ihm  of 
development),  the  rate  of  that  rhythm  when  fully  developed  and  the  length 
of  time  that  the  standstill  lasted  being  correlated  with  the  rhythmicity  of 
the  tissues."  The  condition  in  which  the  contractions  of  t!ie  ventricle  no 
longer  follow  any  of  the  impulses  from  the  auricles  is  termed  complete  heart- 
block,  in  contrast  to  the  partial  heart-blocks  in  which  the  ventricle  is  respond- 
ing to  some,  but  not  all,  of  the  impulses  arising  in  the  auricles. 

Gaskell  showed  that  heart-block  also  set  in  when  the  bridge  of  tissue 
connecting  the  auricles  and  ventricles  was  cut  tlown  to  a  sufficiently  narrow 
strip.  He  Wiis  able  to  produce  similar  blocks  between  portions  of  the  auricle 
or  ventricle  by  clamping  or  cutting,  just  as  Romanes  had  done  for  the  muscle 
in  the  bell  of  the  medusa.  Gaskell  demonstrated  also  that  the  block  l>etween 
auricles  and  ventricles  remained  complete  when  the  only  connection  between 
the  auricles  and  the  ventricles  was  formed  by  the  coronary  nerve. 
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THE  AURICULO(aTRIO) VENTRICULAR  MUSCLE   BUNDLE. 

Anatomy. — The  existence  of  muscular  connections  between  the  auricles 
and  ventricles  in  man  and  mammals  was,  however,  denied  until  G.  Paladino 
(1876)  and  A,  F.  Stanley  Kent  (189.3)  described  certain  fibres  in  the  septum 
membranaceum  which  they  thought  bridged  this  gap.  Paiadino  was  some- 
what indefinite,  and  Kent's  figures  showing  connections  between  the  left 
auricle  and  left  ventricle  are  apparently  erroneous,  so  that  the  real  discovery 
dates  from  the  same  year,  when  Wm.  His,  Jr.,  described  the  presence  in  the 
mouse,  dog,  and  man  of  a  bundle  of  muscle-fibres  which  "  arises  from  the 

posterior  wall  of  the  right  auricle  near 
the  intcrauricular  septum,  in  the  atrio- 
ventricular groove,  lies  upon  the  upper 
edge  of  the  muscular  interventricular 
septum,  passes  forwards  and  to  the  vicin- 
ity of  the  aorta,  where  it  divides  into  a 
right  and  a  left  branch.  The  latter 
passes  domi  to  the  base  of  the  ant4?rior 
mitral  cusp." 

These  anatomical  findings  of  His 
have  been  confirmed  by  Braeunig,  Hum- 
blet,  Retiser,  and  Tawara.  The  latter 
found  that  the  fusiform  cells  described 
by  Kent  were  really  Purkinje  fibres,  and 
that  the  muscles  bundle  of  His  is  in 
reality  continuous  with  the  entire  net- 
work system  of  Purkinje  fibres  which 
permeates  both  ventricles.  Saigo  has 
found  that  these  fibres  are  much  richer 
in  glycogen  granules  than  are  the  ordi- 
nary cardiac  muscle  fibres.  Tawara  also 
demonstrated  the  presence  of  nerve- 
fibres  within  the  Hia  bundle,  and  Cordon 
Wilson  has  recently  demonstrated  ganglion  cells  as  well. 

Lhamon  (Amer.  Jour.  Anat.,  1912,  xiii,  55)  has  shown  that  the  bundle  has 
a  separate  connective  tissue  sheath  and  the  whole  conducting  system  can  be 
injected  with  india  ink  from  beneath  the  endocardium. 

Mall  (Am.  Jour.  Anat.,  1912,  xiii,  247)  has  shown  that  the  auriculoven- 
tricular  bundle  is  fonned  from  the  wall  of  the  auricular  canal  in  the  embryo, 
and  tliat  it  arises  as  a  broad  band  connecting  auricle  with  ventricle  and  is 
later  constricted  down  and  separated  into  two  branches  by  the  upward  growth 
of  the  septal  musculature. 

The  idea  that  the  cardiac  impulse  must  pass  from  sinus  to  auricle  before 
reaching  the  auriculoi-'entricular  bundle  is  borne  out  also  by  the  observation 
of  Dr.  G.  S.  Bond  that  in  the  frog  the  auriculoventricular  muscle  can  be  seen 
to  contract  considerably  later  than  the  auricle  but  l>efore  the  ventricle- 
Experimental  Physiology  of  the  Aariculoventricular  Bundle. — The  first 
experiments  upon  the  physiology  of  heart-block  in  manmials  were  per- 
formed by  Stanley  Kent,  the  discoverer  of  the  auriculoventricular  bundle, 


Fib.  260. — The  right  hraneh  of  tlieaurieulo- 
ventrirular  buniile  in  the  <Ior'»  heart.  (After 
Biirkfrand  Hirecbfeliicr,  Arch.  Int.  Med..  1909.) 
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in  1893,  and  were  recorded  by  hhn  in  his  original  publication  in  the  following 
words:  "  By  the  uso  of  a  suitably  construr-ted  clamp.  .  .  I  have  been  al>!e 
to  verify  for  the  manimiU  {i.e.,  in  the  exeised  heart  of  the  rut)  almast  all 
the  effects  describe*!  by  Gaskell  as  obtained  in  the  frog,"  Kent  thus  seems 
to  have  forestalled  all  the  later  exf>erimrnts  upon  the  sul>jeetf  Ijut  the  bre%nty 
of  his  physiological  note  left  much  to  i)v  investigated.  In  1895  His  repeated 
the  experiments  of  Wooldridge  and  Tigerstedt,  and  demonstrated  that  in 
order  to  bring  about  dissociation  of  the  auricles  and  ventricles  it  was  not 
necessarj'  to  injure  the  entire  septum  but  merely  this  auriculoventricular 
muscle  bundle. 

In  1809  he  apjilied  his  anatomical  antl  physiological  studies  to  a  case 
of  Adams-Stokers  disctuse,  in  which  he  confirmed  Chauveau  by  finding  inde- 
pendent action  of  the  auricles  and  ventricles,  and  designated  this  by  Gas- 
kell's  term  *'  heart-block."  His  also  gave  an  excellent  tracing,  taken  during 
a  B>Ticopal  attack,  demonstrating  that  the  auricles  continued  at  their  usual 


f^y^AAA^^N\/^\l^}\l<N\A/^^  
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Fio.  270. — Tracings  from  the  carulid  arlcry  &nd  jugular  vein  of  »  patient  with  Adsma-Stokea 
disease,  abowinit  atoppacc  of  th«  venlriclea  anH  continuance  of  tiie  auricular  contractions  during  the 
attack.  fAfter  IIij*.  Drufchea  Arch.  f.  klin.  Med.,  18OT,  Jxiv.)  1,  2.  3,  4,  5,  6  reprefleat  the  onset  of 
inJepeuiient  ventricular  coDtractions. 

rate  while  the  ventricles  ceased  to  beat  for  several  seconds  and  then  re.iumed 
their  beat  at  a  gradually  increasing  rate  (corresponding  to  Gaskeirs  "rhythm 
of  development"). 

The  expneriments  of  Kent  and  His  and  their  predeces.sors  were  confirmed 
by  Humblet,  Hering,  and  Tawara,  and  Itxl  in  the  conclusion: 

L  That  the  slow  pulse  of  Adams-Stokes  disoase  wtLs  due  to  dissociation 
between  the  auricles  tind  ventricles  (htatirt^block)  and  t!ie  tilow  independent 
rhythm  of  the  ventricles. 

2.  That  the  syncopal  attacks  (Atlams-Stokes  syndrome)  were  due  to 
cessation  of  ventricular  beat  but  not  of  the  auricular  beat. 

Ex iR-rimen tally  they  had  produced  the  former  but  not  the  latter  in 
mammal.'!,  while  Caskell  had  produced  it  in  the  frog  and  tortoise. 

Factors  Affecting  Degree  of  Heart^block. — In  1904  E  r  1  a  n  g  e  r  began 
a  series  of  experimental  tuid  elinicnl  investigatitjiLs  upon  this  condition. 
He  first  confirmed  all  of  His's  liTidings  in  nuin,  and  refuted  <'hauveau's 
claim  that  the  heart-btrjck  was  due*  to  tlie  vagi,  by  showing  that  when  in 
his  ciises  the  latter  were  paralyzed  with  atropine  the  he4xrt.-block  did  not 
pass  off.'  Then  he  devised  a  modification  of  (laskeirs  clamp,  an  L-shaped 
hook  of  steel  wire  whose  arm  could  be  pressed  against  a  brass  block  by  means 
of  a  bolt  and  screw. 

The  hook  was  introduced  into  the  rifiht  wall  of  the  aorta  just  ubove  its  origin  (the 
periciirdial  fat  havinp  twen  dissect<?d:  off),  the  point  paased  backwards  and  downwards 
into  the  left  vcntriclp,  and  then  pushed  throuRh  the  ventricular  septum  till  it  entered  the 


» Edes  had  previously  shown  that  belladonna  had  no  effect  in  hia  cases  of  Adani»* 
Stokes  diBease. 
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right  ventricle  (Fif?.  271).  The  brass  block  was  then  pushed  down  over  the  long  arm  of 
the?  L  and  tht.*  nut,  gradually  srrewed  taul.  The  first  cf^m-X  obeervfd  waa  lengthening  of  the 
conduction  time  (As-Vt  or  A-V  interval);  then  altenmte  ventricular  benta  disappeared 
(2  :  1  rhythm),  at  first  occasionally,  then  regularly.  With  further  tightening  of  the  clamp 
«  3  :  1  rhythm  oceurretl.  and  finally  complete  heart-bSock.  "After  the  ventricles  have 
emptied  themselves  it  may  be  seen  that  each  contraeliun  of  the  auricles  sends  into  the 
former  a  distin^r-t  wave,  wpftn  the  subsidence  of  which  the  volume  of  the  ventricles  is  seen 
to  ha^'e  been  considerably  increitsetl."  In  many  but  not  in  all  of  his  experiments  the  com- 
plete block  began  with  a  complete  stoppage  of  the  ventricles,  exactly  like  that  in  the 
Adams-Stokes  syndrome,  in  which  "  the  ventricles  stop  beating  without  warning.     The 

auricles  continue  to  beat  with  an  apparently  unaltered  rate. 
....    The  ventricles  enlarge  with  each  contrartion  until 

their  distention  becomes  really  huge Respiratory 

._^  convulsions  may  begin.  Witnesses  are  almost  convinced 
^^^/  that  the  experiment  has  come  to  a  close  when  it  naay  be 
that  after  more  than  twenty  seconds  the  ventricles  suddenly 
empty  themselves  with  one  great  effcrt."  This  is  sooner  or 
later  followed  by  another  and  another  xintil  the  slow  ven- 
tricular rale  is  gradually  assumed. 

Factors  Affecting  Stoppage  of  the  Ventricles. — 

It   is   this   "stoppage"    of   the   ventricles  which 
LV  brings  on  the  cerebral  anaDmin,  fi\Ticopes,  convul- 

sions, and  death  in  man;  but  as  long  as  the  pulse 
remains  regular,  though  slow,  the  circulation  is 
maintained  and  the  patients  may  remain  quite  free 
from  s>Tnptoms, 

Erlanger  and  Hirschfelder  found  that  stoppage 
of  the  ventricles  was  produced  most  frequently  when 
the  ctamp  was  tightened  suddenly,  so  that  the  stimuli 
from  the  auricles  were  cut  ofiF  at  once,  especially  when  a  certain  degree  of 
asph>Tda  was  present.  When  partial  block  had  once  .set  in,  tightening  the 
clamp  fiirther  usually  produced  complete  block  without  stoppage;  and  when 
complete  block  had  once  been  estalitished  stoppage  of  the  ventricles  during 
complete  block  was  wry  rare,  although  in  man  it  is  relatively  common. 
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Fro.  271.  — The  Erlanger 
)]«art-bIock  cl&mp  comprcAsing 
the  Hiuriculoventricular  buntlla 
(A  V  B}.  S.\t,  Beptum  nterQ-. 
bnuiaoeum;  Af  l',  mitral  vslv*. 
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Fio.  272.— Effect  of  irraduaJly  tightenin*  thn  clamp.  (After  Erlanger  and  Hirschfrider.)  Shows 
2  : 1  rliythrai,  finally  .stoppage  nf  tlic  ventridea  with  eoaiplete  block.  After  this  the  ventridaa  can  ba  aeca 
to  contract  at  an  tmlepeaiieut  rhytbin. 

The  duration  of  stoppage  of  the  ventricle  seemed  to  depend  largely 
upon  the  irritability  and  spontaneous  rhythmicity  of  the  ventricle,  anil  varied 
greatly  in  different  liearts;  in  .some  cases  it  was  entirely  absent  or  extremely 
short,  whereas  in  one  animal  it  lasted  55  seconds  and  death  w^ould  then 
have  resulted  had  not  the  heart  been  revived  by  mechanical  stimulation.     In 


« 


general,  the  tendency  to  stoppage  seems  to  depend  largely  upon  the  condi- 
tion of  the  heart,  an<l  especially  U|>on  the  degree  of  asph\'xia. 

Whenever  the  rate  of  the  auricles  was  increased  from  any  cause  (stimu- 
lation of  the  right  nccelerator,  application  of  heat,  or  rhythmic  induction 
shocks)  the  degree  of  block  was  afso  increased,  a  normal  rh>ilim  passing  to 
a  2  :  1  rhythm,  a  2  : 1  to  a  4  : 1  or  even  complete  block;  conversely,  slowing 
the  auricles  by  application  of  cold,  etc.,  improved  conductivity  and  caused 
the  block  to  pass  off. 

In  this  respect  the  experimental  heart-block  difTers  greatly  from  the 
clinical,  since  in  a  number  of  cases  (Gibson,  Thayer)  it  has  Ix'en  found  that 
stimulation  of  the  vagus  increases  the  degree  of  block  while  atropine  removes 
a  partial  but  not  a  complete  block.  In  other  cases  (Edes,  Erlanger,  SchmoU) 
it  has  no  such  effect. 

The  duration  of  the  period  of  "  stoppage  "  (during  which  the  ventricles 
remained  quiescent)  varied  greatly,  and  was  greatest  in  those  hearts  which 
could  be  inhibited  longest  by  stimulation  of  the  vagus.  As  in  Gaskell's 
tortoise,  it  seemed  to  be  definitely  "  correlated  to  the  rhythmicity  "  of  the 
ventricles,  which  is  greater  in  some  hearts  and  at  some  stages  of  the  experi- 
ment than  at  others.  In  general  it  has  appeared  to  the  writer  that  the  poorer 
the  condition  of  the  ventricular  muscle  the  longer  the  period  of  stoppage. 
Slight  asphjTcia,  though  it  did  not  in  itaelf  bring  about  stoppage  of  the  ven- 
tricles, seemed  to  lengthen  the  period  of  stoppage  from  clamping. 

In  some  experiments  the  ventricle  remained  quiescent  for  so  long  (more 
than  55  seconds)  that  the  animal  w^ould  have  died  at  once  had  not  the  heart 
been  revived  by  mechanical  stimulation. 

In  a  subsequent  paper  ?>langer  has  shown  that  the  condition  of  block 
on  clamping  or  injurj'  depends  upon  the  condition  of  the  cells  in  the  His 
bundle.  Each  (Mxrdiac  impulse  leaves  them  in  a  condition  of  lowered  irrita- 
bility from  which  thi\y  recover  gradually.  When  the  injury  is  slight  they 
recover  just  too  late  fur  the  next  impulse  from  the  auricle  and  are  only  ready 
to  receive  the  second  stimulus  (a  2  : 1  rhythm  resulting).  When  they  are 
injurcfl  a  little  more  they  recover  in  time  for  every  third  or  every  fourth 
imi)ulse,  and  finally  the  stimulus  always  remains  below  the  threshold  of 
irritability  and  complete  block  sets  in.  Similarly,  the  more  rapid  the  rhythm 
the  less  time  the  ceils  have  had  to  recover  and  the  less  the  intensity  of  impulse 
from  the  auricles,  hence  the  greater  the  block. 

As  regards  the  ventricle,  the  greater  its  irritability  and  rhythmicity 
the  sooner  it  will  resp<ind  to  its  o\m  internal  stimuli  with  a  contraction 
and  the  shorter  the  stoppage  and  the  more  rapid  the  rhythm.  A  low  ven- 
tricular rhythm  (under  25  per  minute)  is  therefore  often  a  sign  of  poor  con- 
dition of  the  ventricle  and  of  a  tendency  to  stoppage  during  the  i>eriod  of 
complete  block  in  spontiineous  attacks. 

The  experiments  of  Er lunger  and  Hirsehfelder  have  been  confirmed 
by  V.  Tabora  under  Hering's  direction.  The  latter  has  found  that  stimula- 
tion of  the  vagus  may  under  certain  circumstances  increase  the  degree 
of  heart-block  and  facilitate  the  onset  of  stoppage,  especially  when  digi- 
talis has  been  administered.  The  apparent  discrepanc}"  between  their 
findings  is  probably  due  to  the  presence  of  the  different  nerve-fibres  in  the 
vagus,  80  that  sometimes  conductivity,  sometimes  irritability  is  most  affected. 
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Other  Factors  Affecting  Heart-block. — Mere  cooling  of  the  heart-muscle, 
as  was  shown  by  v.  Kries  upon  tlie  hearts  of  cold-blooded  animals,  is  suffi- 
cient to  bring  on  the  various  grades  of  heart-block.  Florence  Buchanan  has 
found  an  example  of  this  {2  :  1  rhythm)  in  hibernating  dormice  whose  body 
temperature  is  much  rnluced. 

Asphyxial  Heart-block. — Heart-block  very  frequently  comes  on  in  dying 
animals,  and  may  be  brought  on  by  the  action  of  many  poisons  (digitalis, 
strophanthus,  aconite,  etc.),  as  well  as  by  asphyxia  alone.  As  Lewis,  Oppen- 
heimer  and  Matthison  have  shown,  heart-block  from  asphyxia  is  as  inde- 
pendent of  the  central  nervous  system  as  is  the  block  produced  by  clamping 
the  bimdle,  and  it  is  probable  that  this  may  be  a  factor  to  be  reckoned  with 
in  many  clinical  conditions. 

Heart-block  from  Diminished  Irritability  of  the  V^entricular  Muscle 
without  Injury  to  the  Aurkuloventricular  Bundle. — When  the  auriculo ven- 
tricular bundle  is  injured  or  its  activity  depressed  by  vagus  stimulation, 
the  conduction  of  the  impulse  from  auricle  to  ventricle  usually  becomes 
slower  and  the  conduction  time  (a^c  interval  in  the  venous  pulse,  P-R 
interval  upon  the  electrocardiogram)  is  prolonged.  Occasionally,  however, 
as  in  a  ca.se  recently  reported  by  A.  M.  Gossage,  partial  heart-block  may  be 
present  without  prolongation  of  the  conduction  time,  and  in  such  cases  it  is 
assumed  that  the  auriculoventricular  bundle  is  uninjured  and  conducts  the 
impulse  in  the  usual  manner,  but  the  irritability  of  the  ventricular  muscle 
is  so  much  depressed  that  it  fails  to  respond  to  all  the  impulses  that  reach  it. 

Hirschfeldcr  has  shown  that  if  the  auricle  of  the  dog  is  stimulated  with 
weak  rhytlmiic  induction  shocks  at  increasing  rates  they  soon  fail  to  respond 
to  each  stimulus  and  then  respond  to  only  alternate  stimuli.  Increasing  the 
intensity  of  the  stimulus  or  increasing  the  irritability  of  the  heart  muscle 
by  pouring  on  warm  salt  solution,  without  changing  the  rate  of  stimulation, 
causes  the  auricles  to  respond  to  every  stimulus. 

This  condition  simulates  a  "  block  "  from  loss  of  irritability,  without 
loss  of  comhietivity,  and  represents  the  condition  of  the  ventricular  muscle 
in  the  case  rcfiorted  by  (iossagc. 

Interaction  of  the  Muscular  and  Nervous  Elements  in  Heart-block. — 
As  can  be  seen  from  the  studies  of  Chauveau  on  the  one  hand  and  His  and 
Erlanger  on  the  other,  heart -block  may  be  brought  about  either  l>y  over- 
action  of  the  vagi,  by  injury  to  the  muscle  of  the  auriculoventricular  bundle, 
or  most  probably  by  diminished  irritability  of  the  ventricular  muscle.  It  is 
therefore  not  surprising  to  find  that  in  most  cases  there  is  a  summation  of 
the  effects  of  all  three  actions,  though  in  very  many  of  them  the  effect  of  one 
of  them,  either  the  vagus,  the  lesion  of  the  bundle,  or  the  diminishtni  irri- 
tability of  the  ventricular  muscle,  predominates.  This  is  true  fur  heart- 
block  wiiich  results  from  the  action  of  drugs  or  bacterial  poisons,  as  well  as 
from  mechanical  lesion.*}.  ^y 

Thus,  as  in  the  case  shown  in  Fig.  268,  and  in  those  reported  by  G.  A«  fl 
Gibson,  Thayer  and  Peabody,  and  a  number  of  other  writers,  it  is  common 
to  find  patients  with  lesions  of  the  auriculoventricular  bundle  sufficient  to 
impair  its  function  a  little,  in  whom  direct  or  reflex  stimulation  of  the  vagus 
is  sufficient  to  bring  on  a  partial  heart-block  which  may  be  of  a  severe  grade 
(3  : 1  or  4  : 1)  but  which  is  entirely  removed  by  the  administration  of  atropine. 
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Complete  heart-block,  as  in  the  cases  of  Edea  and  Erlanger,  is  usually 
unaffected  by  the  administration  of  atropine,  because  it  is  usually  entirely 
organic  in  origin, 

Irreg^ular  Rhj-thm  in  Complete  Block. — Occasionally,  as  in  two  of  the 
nineteen  animals  of  Erlanger  and  Htrschfelder,  the  ventricular  rate  is  irreg- 
uJar,  owing  to  the  occurrence  of  ventricular  extrasystoles  which  arise  spon- 
taneously during  the  long  diastoles.  They  are  of  no  special  significance, 
except  in  so  far  as  they  affect  the  rate  of  blood-flow. 

RELATION   OP   HEART-BLOCK   TO   ADAMS-STOKES   SYNDROME. 

It  cannot  be  too  strongly  emphasized  that:  (l)  heart-block  (complete) 
and  Adams-Stokes  syndrome  are  by  no  means  synonymous;  the  former 
represents  merely  the  dissociation  of  rhythms,  while  the  Adams-»Stokes 
sjmdrome  brought  on  by  cerebral  anaemia  during  ventricular  stoppage  is 
a  totally  different  matter;  (2)  heart-block  may  persist  for  months  or  years 
without  the  occurrence  of  the  syndrome,  as  in  the  case  about  to  be  described. 


¥ui.   273, — TracioK   (rtmi   jugulur   vein   and   carotid  ar(er>,    ait   n.  oa.i*   <J,   L.;  of  ct>U4jjlt!te  hta^rt-Llock 
alter  the  fiyucopaJ  attAck^  bod  sut^ided. 

Attacks  of  the  Adam.s-Stokes  syndrome  may  occur  in  three  ways:  (1) 
at  the  transition  from  normal  rhythm  to  complete  block;  (2)  in  the  midst 
of  complete  block;  (3)  probably  also  from  stimulation  of  the  vagus  in  certain 
cases  where  conductivity  is  already  diminished. 

In  the  cases  where  the  Adams-Stokes  syndrome  (ventricular  stoppage) 
appears  at  the  transition  from  normal  rhythm  to  complete  block,  the  attacks 
are  usually  preceded  by  quickening  of  the  pulse;  and  the  block  passes  off 
and  reappears  suddenly.  When  the  complete  block  becomes  permanently 
established,  the  Adams-Stokes  syndrome  may  disappear,  i\s  is  well  shown 
by  the  following  case/  seen  by  the  uTiter  in  consultation  with  Dr.  II.  G. 
Beck.  The  Adams-Stokes  syndrome  may  be  present  only  in  the  initial  and 
not  the  later  stages  of  the  heart-block. 

Case  of  Heart-bl/Ook,  with  Adam»-Stoke8  Syndrome  ontly  at  Onset  of  Block. 

J.  h.,  aRed  72,  had  bw?n  perfectly  healthy  all  his  life  except  for  attacks  of  malaria 
whon  between  14  and  40  years  <jf  age,  and  pneumonia  about  ten  years  ago.  Denies  Byphllis 
and  gonourhoea;  driuks  litde,  but  smokes  conaiderably.  Had  been  a  blacksmith  until 
July,  VM7.  At  this  time  he  was  atnjL-k  on  the  head  by  a  railroad  gate,  became  uiiconscioua 
for  one  «r  two  minutes,  after  which  he  reeovored  at  onee  except  for  a  slight  transitory 
weakness  of  the  right  arm  and  slight  transitory  aphasia.  He  remained  well  until  Novem- 
ber, 1907,   pulse   being    6  0    to    64.    la  the  latter  part  of  November  he  began  to 


•  A  study  of  this  case  has  been  reported  by  Dre.  H.  G.  Beck  and  W.  R.  Stokes,  Arch, 
Int.  Med.,  Chicago,  1908. 
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have  w  <?  a  k  spoils  in  vvhioli  he  fell  but  did  not  lose  consciouaneas.  He  was  seen  by 
the  writer  on  January  12,  when  he  had  been  having  numerous  attacks  for  about  a  wi'^ek. 
Patient  was  fairly  nuuriahed  man  of  good  rosy  color^  pupils  reacting  normally;  no  signs 
of  intracranial  disturbance  or  of  lues.  Chest  clear.  Heart  not  enlarged;  action  regular; 
pulse-rate  33  per  minute.  Sounds  acconipanj-ing  the  beats  arc  loud  and  the  first i 
sound  is  aceompanieti  by  a  flowing  systolic  murmur  not  transmitted  to  axilla.  Second ' 
sound  clear.  Between  these  in  the  long  pause  there  ran  be  heard  two  or  three  very 
soft  distant  sounds  like  the  ticking  of  a  watch,  accompanying  which  small 
undulations  may  be  seen  over  the  jugular  vein,  and  on  m  o  8  t  delicate  p  a  1  -^J 
pa  t  ion  of  the  r  ad  J  al  a  slight  impulse  can  be  felt  there  as  wel1,| 
due  to  the  beating  of  the  auricles  against  the  root  of  the  aorta.  The  venous  tracing  (Fig.j 
273)  showed  complete  heart-block.  At  this  time  he  had  no  attacks.  On  January  17, ' 
however,  he  was  again  seen.  His  attacks  had  been  very  numerous,  the  pubcvrate  ruing 
and  falling  with  great  rapidity.  Tracings  from  the  jugular  vein  and  carotid  arteries,  taken 
08  an  attack  came  on,  show  the  following  seqiiciice  events:  At  first  a  period  of  com'* 
plete  heart -block  lasting  a  few  minutes.  Thia  then  pai3sed  off  and  was  succeeded 
by  a  few  momenta  of2:lrhythm.    The  2  : 1  rhythm  passed  suddenly  into  a  1  : 1  rhythm 


I 


Fio,  274. —  Diagram  represMsnting  the  conditiona  found  in  tlie  tracing  Fig.  273,  .4,  auriealBr 
contraction!! ;  V,  vetilncular  ctitiiraction$<;  1,  2,  firHi  »ncl  Beconii  he&rt  sounds;  a,  a,  aouuda  daa  to 
-contraction!!  nf  the  nuricle*. 

at  a  rate  of  about  90  per  minute  and  began  to  quicken.  It  was  then  prophesied 
that  an  attack  was  imminent,  and  itf  an  instant  the  ventricles  suddenly 
ceased  to  beat.  The  patient  cried  out,  became  ashy  pale,  and  a  convulsion 
eel  in,  during  which  the  auricles  continued  to  beat  at  the  old  rate.  In  about  11  seconds 
the  venlriclra  began  to  beat,  and  stjon  resumed  their  regular  independent  rate  of  2  8  to 
30  per  minute  in  complete  block.  After  a  few  more  Heizures  an  hour  or  so  passed 
without  further  change  in  rate  or  further  eym]>t.oms.  When  seen  in  the  afternoon  and 
again  on  the  next  day  the  pulse-rate  had  not  varied.  It  was  then  prophesied  by  the  writer 
that  no  more  attacks  were  imminent,  but  the  patient  was  kept  in  bed 
for  several  weeks  afterwards.  A  few  weeks  later  he  had  a  sinking  spell  with  weakness  of 
the  pulse,  but  no  change  in  rate  and  regularity  and  no  unnonseiousness  or  convulsions. 
This  he  also  recoveretl  from  and  remaine<l  free  from  symptoms  and  attacks  until  his  death 
two  months  later.  He  died  rather  suddenly  but  was  conscious  to  the  la-^t ;  his  pulse- 
rate  had  not  changed,  and  he  <iicti  not  from  the  Adama-Stokea  syndmmc  but  from  his 
coronarj'  aclerotiiin.  The  lesion  found  in  the  His  bundle  will  be  discusseii  below.  In  this 
patient  the  A  dams- Stokes  syndrome  passed  off  as  the  complete 
block  became  established. 

Variations  in  Pulse-rate.— This  case  is  no  isolated  example  of  such  a 
condition.  Evon  Burnett's  case  (1824)  furnishes  an  example,  for  he  says, 
'*  The  pulse  beats  at  the  rate  of  74  in  the  minute  for  the  apace  of  about  a 

minute,  then  intermits  for  7,  8,  or  10  seconds In  the  evening  I  foimd 

that  he  had  Ijeen  attacked  many  times  but  was  then  much  better 

He  complained,  however,  of  more  pain  about  the  precordia  and  his  pulse 
beat  only  20  in  the  minute."  A  similar  tendency  to  improvement  after 
heart-block  set  in  has  been  noted  in  Stokes's  first  ease  (1846),  in  that  of 
Alfred  Webster  (1900),  in  one  of  the  eases  reported  by  Edes  (1901),  and  in 
one  of  Erlanger's  cases  (1905). 
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Fto.  273. — Heart  of  a  patient  (J.  L.)  shovrine  calcifications  which  produred  .\diini!<-Sti>kc<f  dia<<iiHe. 
(Drawn  from  UwtCpecimeQ.)  A.  D.  C,  D,  C.  Scctiout  througb  the  intervebtricular  tieptuii),  ahawtnit  the 
ealcifical.ion  preanns  upon  the  auriruto\'«.>atnculiir  bundle.  (Alter  Beck  ixad  .Stnkca.)  F.  Section  throucb 
a.    (Photumioroitr&pb  by  Dr.  C.  8.  Bond.) 
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Stoppage  of  the  Ventricles  during  Complete  Heart-block. — Unfortu- 
nately, tlie  Adaiiis-Stokes  syndrome  does  not  always  end  with  the  estab- 
lishment of  permanent  complete  blork.  Just  as  in  the  two  experiments 
of  Erlanger  and  Hirschfelder  mentioned  above,  stoppage  of  the  ventriclea 
sometimes  occurs  in  the  niid-st  of  a  eomplete  block  when  the  pulse-rate  is 
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Ftn,  270. — Duigrani  »|i.t\^m«  the  iw.j  typefl  pf  ventnCTjlar  nt«>ppftK«  prr«ludtig  Itn"  A<i:«ii..  .-^loka 
nyndronic.  I.  V«!iitricular  tttoppoe?  only  at  the  mDtnent  when  conduction  ceases.  2.  Siopiiaicp  of  t(t« 
ventricleirt  setlinfi  in  dunng  the  poriwla  of  complete  bJwk.  A,  auricular  contractionii;  V,  ventricular 
oofitractionK;    .4-V',  conduction  of  jmpu]««6  from  auricles  to  veniricles. 

slow  and  without  preliminary  variations  in  rate.  This  took  place  in  the  case 
reported  by  His  and  in  Erlanger's  first  case.  The  influcnees  producing  this 
stoppage  act  directly  upon  the  ventrieles,  the  auricular  rate  being  unchanged 
or  quickened,  but  tlte  nature  of  these  influences  is  not  well  understood. 
Erlanger  has  shown  that  the  plugging  of  a  coronary  artery  in  animals  does 

not   bring  stoi)page   from   com- 
plete block.    On  the  other  hand, 
slight  asphyxia,  such  as  holding 
the  breath  after  slight  exercise, 
brought  them  on  regularly.   How- 
ever, it  cannot  be  said  that  the 
prognosis  is  much  if  any  more  un- 
favorable in  these  than  in  theother  , 
group  of  cases,  since  Erlanger's] 
ca.se  at  least  lived  several  years  I 
after  observation,  and  this  point  | 
has  not  been  noted  in  most  of  I 
the  reported  cases.    Prof.  Thayer 
has  recently  reported  a  case  in 
which  the  block  has  passed  off. 


INF. 


Fio.  277. — Section,  of  a.  luetic  infiltration  of  the 
suriculo ventricular  bunille.  (Afler  Auliton  Norria  and 
hrnvvamu.)    JNF,.  arc*  of  round-cell  inflltratioo. 


LESIONS   OF    THE    AURICULOVEN- j 
TBJCULAR    BUNDLE, 


These  two  groups  represent 
cases  in  which  the  block  appears 
to  be  myogenic;  and  pathological  evidence  indicates  that  such  is  the  case. 
Although  Adams  (1872)  mentions  fatty  degeneration  of  the  ventricular  septum 
in  his  case,  and  many  other  autopsies  had  been  performed,  the  first  case  in 
which  a  lesion  of  the  a uricuto ventricular  (or  atrioventricular)  muscle  bundle 
was  demonstrated  was  that  of  Luce  in  1902  in  which  a  sarcoma  was  found  in- 
volving the  auric ulo ventricular  bundle.  Luce,  however,  did  not  regard  this  as 
a  causal  factor  for  the  Adams-Stokes  syndrome,  and  the  first  casein  which  this 
connection  was  definitely  established  was  reported  by  Stengel,  of  Philadelphia, 
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Electrucnrtliogram  from  a  cawj  of  complete  benrl-bluck.  The  P  WAV{>a,  whiph  corresponil  to  the 
■uricular  coatrarlioas.  bear  no  relation  to  the  R  waves  of  the  ventriculox  eyslolcv.  Thoro  i«  •iai*  opIiiUuic  o( 
tb«  P  wavM  and  fine  tremor  of  the  galvanumeter  Btriag  duo  to  extraoeoui  eauM*. 
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Electrocardiocraiu   itom   a    case   of    auricular    Rbrillation    with    complete    beart-bliwk.      (Kindness   ot 

Prof.  Thayer.) 
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in  1905,  with  excollent  figures  showing  fibrosis  of  the  bundle.    Soon  after  tli 
Schmoll  reporttni  u  ciise  in  which  no  lesion  could  be  discovered  inacra^^copi-^ 
cully,  but  fibrosis  of  the  His  bmidle  wsls  tlomonstrated  with  the  inicroscoj^e. 

In  the  c'iL^e  of  .1.  L.,  reported  al>ove,  autopsy  showed  extensive  atheroma 
of  the  iiortii;  the  coroiiar\-  arteries  were  converted  into  pipes  of  bony  hard- 
ness.    Large  calcifications  were  present  upon  the  mitral  valve  and  in  th<[^| 
upfM^r  part  of  the  interventricular  septum,  in  which  a  long  tongue  of  calci- 
ficution  can  l>e  seen  to  intercept  the  auriculovcntriculur  liundle. 

In  the  past  two  years  a  considerable  number  of  cases  have  l>een  studied 
both  histologically  and  physiologically,  lesions  in  the  His  bundle  Ixdng  uni-^ 
forraly  found.    The  following  represent  some  of  the  lesions  reported : 

Gumma,  7:  Handford  (19(M),  Keith  and  Miller  (190(5),  Griinbaum  (1906),  Ash 
Norris,  and  Ijivenson  (1907),  Heineke  (1907),  Fahr  (1907),  Rendu  (IS95). 

Calcified  patches  involving  the  bundle,  4:  .StenBpl(1905),  Hav  and  Moore  (1906) 
Beck  luid  Stokes  (19IW),  Heineke,  Muller,  and  Iloeflslin  (1908). 

Fibrosis  of  tlio  bundle,  6:  Schmoll  (1906),  Gibson,  G,  A.  (1906),  Fahr  (1907),  Gibsoi 
A.  G.  (1908),  E>oek,  G.,  Vaquez  and  Esmein. 

Tumora  in  the  septuni:  Fibroma:  Sendler  (1892).     Round-celled  sarooma:  Luce. 

Anitjmio  infarction  of  the  auriculo  (atrio)  ventricular  bundle:  Jellinek,  Cooper,  Ophii 
(1906),  Mac-Callum  (11)081. 

Simple  round-celled  infiltration  of  the  auriculoveutricular  bundle,!:  Heineke,  Mttller, 
and  Hoesslin  (1908). 

Mural  ulceration  involving  the  tturiculoventrjcular  bundle  (ulcerative  endocarditiB) 
James  (1908). 

Fatty  degeneration;  Butler  (1907). 

Arterioficlerosis  of  artery  supplyirig  auriculoventriouhr  bundle:  D.  Orhardt  (1908) 

Heart-l>Iock  in  Acute  Infections  and   Intoxications.— Aa  can  be  seen! 

from  the  ulxjve  list»  a  considerable  number  of  eases  occur  during  the  course 
of  jicute  febrile  diseases.  Dunn,  Fleming  and  Kemiedy,  F.  W.  Peabody  and 
Tanaka  have  collected  these  ca»(?s  and  re^x^rt  the  occurrence  of  heart-block 
and  the  Adams-Stokes  sjTidrume  in  rheumatic  fever,  ulcerative  endo- 
carditis, typhoid  fever,  pneumonia,  diphtheria,  a.**  well  as  in  the  gtjuon'hceal 
infection  described  l)y  Jellinek,  Cooper,  and  Ophiils.  In  all  these  ease.s  the 
lesions  were  either  ulcerative  aiitemic  necrosis  or  fibrous  degeneration  of  the 
His  bunfUe.  Tanaka  finds  that  the  lesions  of  the  conducting  system  do  not 
correspond  to  tlu>se  in  the  rest  of  the  heart  muscle.  In  a  few  cases  like  that 
reported  on  ]>age  581,  heart-block  and  the  Adams-Stokes  sjTidromc  occur, 
during  the  course  of  some  form  of  acute  gastro-intcstina!  disturbance;  and 
may  then  Ix^  transitory  (Taylor)  or  subject  to  recurrences  (case  on  page  SSlJ 
also  reported  by  Thayer  and  Peabody). 

Heart=l>Iock  without  Demonstrable  Lesion  in  the  Auriculo  ventricular 
Bundle. — In  s{nte  of  the  anatomical  and  physiologicat  demonstrations  showing 
the  connection  Ik^I  ween  lesions  of  the  auriculoveutricular  bundle  and  heart'^B 
block  Heineke,  Miiller  and  Hf>es.slin,  and  Knimlihaar  and  B.  S.  Oppenheimer 
(Proc.  8oc.  Exfier.  Biol,  and  Med.,  1913,  x,  Sty)  have  reported  cjises  of  heart- 
block  during  life  with  no  demonstrable  lesions  of  the  bundle  at  autopsy.  The 
whole  literature  has  recently  l)cen  compileii  by  W.  E.  Hume  (Heart,  1913,  iv, 
v,  149)  who  added  another  case.  ^t 

This  absence  of  even  microscopic  lesion,  however,  does  not  prove  that^^ 
the  function  of  the  auriculoveutricular  bundle  Wiis  midisturiDcd.    In  Knmil> 
haar's  case  there  was  very  marked  atherosclerosis  of  the  coronary  art^ric 
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and  it  seems  not  unlikely  that  there  may  have  been  some  ischfemia  of  the 
auricu"     — **uuilar   bundle   which   just   suffieed    to   diminish  conductivity, 
wing  the  ready  production  of  heart-hlock  Ijy  the  action  of 
d  poisons  and  by  asphjTcia  without  the  production  of  dcmon- 
now  how  readily  Ijeart-hlock  may  he  net  up.     And  since  it  is 
find  death  setting  in  from  failure  of  the  whole  heart  without 
(  demonstrahje  anatomical  lesions,  it  need  not  be  surprising 
are  sometimes  al^sent  during  functional  insufficiency  of  one 
,art,  the  auriculoventricular  bundle. 
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J'    ADAMS-STOKES    SYNDROME    NOT    DUE   TO    LESION    OP   THE 
AURICULOVENTRICULAR  BUNDLE. 

,h  the  overwhelming  majority  of  cases  of  the  Adams-Stokes 
(persistent  bradycardia,  complete  heart-block,  and  s^-ncopal 
ve  been  proved  to  be  due  to  lesions  of  the  auriculoventricular 

ew  cases  in  the  literature  remain  which  must  be  regarded  as  due 

muJation  of  the  vagus. 


lost  typical  of  these  attacks  la  described  by  Thanhoffer  (1875),    A  colleague 

LissJng  his  own  vagi  in  the  neck,  when  sudilenly  he  "stared  at  me  with  glassy 
juI  releuLsing  his  grip  and  w-ithout  answering.  I  could  remove  his  fingers  from 
—^  only  with  the  greatest  force  and  they  still  remained  clencheil.  Consciouanees 
did  not  immediately  return  even  after  removing  liis  fingers." 

Another  case  was  reported  by  Neuberger  and  Edinger  in  1898:  The  patient  was  a 
neurasthenic  man,  aged  46,  who  had  been  repeatc<lly  examined  by  various  physieians  but 
no  Bigna  of  organic  nervoua  disease  discovered.  He  suffered  from  severe  constipation. 
From  Nov.,  IS&S,  to  Januon,',  1897,  he  occasionally  fainte<l  when  at  stool.  His  pulse  dur- 
ing that  period  was  usually  60  between  attack**.  On  January  1,  1897,  he  fell  in  a  faint 
while  having  a  denire  to  go  lo  atool;  his  head  and  eyes  were  drawn  to  the  left  aixd  the  eyee 
twitched.  During  that  day  he  had  several  similar  attacks,  before  each  of  which  the  pulae 
diflappeared,  returning  during  the  attack  to  a  rate  of  Iti  to  IS  per  minute.  By  evening  the 
rate  had  refurnwl  to  60.  He  died  in  one  of  these  attacks  on  January  8.  Autopsy,  per- 
formed by  Carl  Weigert.  showed  almost  complete  atrophy  of  the  right  half  of  the  cere- 
bellum and  a  varicose  dilatation  of  the  ependyrnal  vessels  in  the  me<lulla.  It  ia  probable 
that  at  stool  or  during  effort  the  pressure  in  these  varices  rose  and  caused  them  to  compress 
the  metlulla  near  the  vagua  nucleus.  In  spite  of  a  very  careful  search  by  Weigert,  no  myo- 
eardiui  lesion  could  be  found.  It  is,  therefore,  fair  to  assume  that  in  tliia  case  the  attacks 
and  the  probably  existing  heart-block  were  vagal  in  origin. 

Dr.  Wall!  r  .Janifis  also  rejMjrtcd  a  case  in  which  recurrent  groups  of  ineflfectual  extra- 
83'stoles  caiisefl  ihe  circulation  to  become  .ho  ."low  at  times  as  to  produce  syncopal  attacks. 

A  somewhat  similar  case  was  that  of  Holberton  (1,  c.)  (1811).  in  which  the  attacks 
date«l  from  a  fall  from  a  horse,  and  no  my<icardial  lesion  was  found.  On  the  other  hand, 
our  case  (page  601)  illustrates  the  need  of  caution  in  reachinp  (liis  conclusion,  since  there 
the  attacks  date<l  from  a  blow  uj>on  the  head,  and  yet  autopsy  proved  the  presence  of  a 
most  typical  lesion  of  the  auriculoventricular  bundle.  Since  these  lesions  may  be  micro- 
scopic (Schmoll,  Ccrhardt),  it  is  evident  that  a  neurogenic  origin  of  the  syndrome  can  be 
diagnosed  only  when  the  bimdlc  has  been  examined  by  serial  sections.  The  writer  haa 
also  seen  in  consultation  a  case  of  complete  heart-block  associated  with  a  tumor  along  the 
course  of  the  vagus. 

Since  it  requires  a  very  considerable  lesion  to  produce  the  neurogenic 
syndrome,  and  since  death  oeeurs  from  the  latter  cause  as  well  as  from  the 
syndrome,  tlie  prognosis  is  no  better  in  these  cases  than  in  the  myogenic, 
except  in  cases  where  the  causal  factor  (tumor,  etc.)  may  be  removed  by 
operation  or  by  treatment.     However,  it  must  be  added  that  even  with 
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the  most  liberal  interprettition  neurogenic  cases  are  relatively  rare,  and  the 
presence  of  the  Adams-Stokes  syndrome  may  in  most  cases  be  regarded  as 
prima  facie  evidence  of  a  lesion  of  the  auriculoventricular  bondle. 

Atropine  Test, — The  origin  of  the  block  in  these  cases  can  be  readily 
demonstrated  by  paralyzing  the  vagi  by  the  administration  of  atropine, 
1  mg.  (j/(j  gr.),  which  causes  the  block  to  pass  off  in  the  neurogenic  cases  and 
the  pulse-rate  to  become  rapid,  but  does  not  affect  it  in  the  myogenic.  In 
must  cases  of  the  typical  Adams-Stokes  disease  (Edes,  Erlanger,  Scliraoll), 
atropine  does  not  affect  the  rate,  and  the  organic  nature  is  further  proved. 
In  our  own  two  rather  exceptional  cases  the  atropine  test  was,  unfortunately, 
not  permitted.  Gibson  and  Ritchie  have  reported  a  most  interesting  case  in 
which  l>oth  neurogenic  and  myogenic  factors  seemed  to  be  at  work,  since  the 
complete  block  disappeared  promptly  upon  giving  atropine  and  reappeared  an 
hour  later  when  the  effect  had  worn  off.  However,  conductivity  was  always 
diminished  (conduction  time,  a-c  interval,  being  0.6  second  instead  of  0.2)  even 
when  the  vagi  were  paralyzed,  so  that  the  auriculo(atrio) ventricular  bundle 
was  probably  injured  as  well.  Professor  Thayer  and  Dr.  F.  W.  Pea  body  have 
found  that  atropine  caused  the  partial  block  (4  :  1  rhythm)  to  pass  off,  but 
had  no  effect  when  the  block  was  complete.  This  observation  harmonizes 
well  with  the  other  experimental  and  clinical  evidence  regarding  complete 
and  partial  blocks. 
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CONTRIBUTING    rACTORS. 

The  Adams-Stokes  syndrome  is  more  common  in  men  (84  per  cent 
of  Edes's  case-s),  of  which  48  per  cent,  occurreti  between  the  ages  of  50  and 
70.  This,  as  well  as  the  autopsy  series  mentioned  above,  establishes  the 
importance  of  coronary  sclerosis  as  an  etiological  factor.  It  is  quite  striking 
that  in  two  cases  of  this  small  series  (that  of  Cooper,  Jellinek,  and  Ophiils 
and  one  of  those  mentioned  by  Dietrich  Gerhardt)  gonorrhcEal  infection  was 
the  etiological  factor.  Mackenzie  describes  cases  of  partial  heart-block 
(2  : 1  rhythm)  as  a  result  of  influenza  and  pneumonia,  and  the  writer  has 
seen  a  similar  depression  of  conductivity  during  the  course  of  the  latter. 
Powers  has  reported  a  case  with  partial  halving  of  the  rate  after  pneimionia. 
Saigo  has  found  extensive  vacuolization,  fatty  and  parenchymatous  degen- 
eration, and  cellular  infiltration  in  the  Purkinje  fibres  of  the  conduction 
system  following  acute  rheumatism  and  other  diseases. 

These  were  especially  marked  in  the  left  branch  of  the  auriculoventricular 
bundle.  The  importance  of  infectious  diseases  as  directly  causal  factors 
is  further  shown  by  the  case  of  Butler,  in  which  the  bradycardia  dated  from 
an  attack  of  typhoid  fever,  and  also  in  Dunn's  case,  in  which  a  radial  pulse 
(18  per  minute)  and  typical  Adams-Stokes  syndrome  occurred  in  a  boy 
of  11  on  the  ninth  day  of  diphtheria.  There  can  be  no  doubt  that  many 
of  the  sudden  deaths  from  pneumonia  and  diphtheria  are  due  to  heart-block. 

Cardiac  overstrain  may  also  be  a  factor,  as  in  the  case  of  a  boy  of  15 
reported  by  Striibing,  who  when  otherwise  healthy  ran  a  considerable  dis- 
tance, fainted,  then  walked  home,  and  had  several  other  syncopal  attacks 
with  convulsions.  His  heart  was  enlarged,  and  the  pulse  16  to  18  per  minute. 
Rest  and  proper  treatment  brought  some  improvementj  and  his  pulse  finally 
rose  to  44,  but  he  died  soon  afterwards. 
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HEART-BLOCK  AND  ADAMS-STOKES  SYNDP 

It  is  possible  that  ptomaine  poisoning  or  autointoxication  due  to  severe 
gastro-inte-stinal  upset  may  give  rise  to  the  syndrome. 

Cabs  oy  Aoaus-Stokes  Disease  with  Subsidence  and  Recurrence  or  Symitomb, 
AND  WITH  Attacks  during  Complete  Block. 

Recently  the  writer,  with  Professor  Thayer  und  Dr.  H.  M.  Thomas,  examined  a 
gentleman  who  haiJ  lately  suffertHl  from  a  severe  acute  gastro-enteritis  with 
vomiting  aniJ  severe  diarrhira  lasting  several  days.  During  this  time  he  had  fainted  several 
times  while  at  8t(K>l,  and  his  physician  found  him  with  a  pulse-ratc  of  20  per 
minute.  With  the  improvement  in  digestion  this  bradycardia  pajHswl  off  within  a  few  days, 
and  he  had  no  further  syncopal  attacks.  When  examined  ten  days  later  his  puls^srate 
was  CO,  increasing  normally  upon  Blight  exercise.  There  was  no  sign  of  heart-block,  and 
conduction  time  (a-c  interval)  was  normal  (0.2  second).  No  signs  of  nervous  disturb- 
ance were  present.  After  a  few  weeks  of  goojl  health  the  fainting  spells  and  bradycardia 
returned,  and  lasted  for  several  months.  Prof.  Thayer  tnforrna  the  writer  that  during  thia 
period  the  rhythm  varied  from  1:1  to  2:1,  and  4:1,  returning  to 
normal  rate  when  atropine  was  administered.  Syncopal 
attacks  also  occurred  frequently  in  the  midst  of  complete 
heart-block,  and  during  the  periods  of  complete  heart-block  the  rate  was  very  slow 
and  irregular.    In  complete  block  the  rate  was  unaflected  by  atropine. 

After  some  months  conductivity  gradually  returned,  and  at  the  time  of  writing  the 
patient  has  remained  quite  well  and  has  had  a  normal  pulse- 
rate  for  several  months. 

The  presence  of  a  hemorrhage  in  the  auriculo  ventricular 
bundle  or  its  vicinity  (apoplexy  of  the  bundle)  would  ac- 
count for  the  occurrence  and  the  subsidence  of  these  symp- 
toms. An  infiltration  or  fatty  degeneration  of  the  bundle  might  account  for  the  occur- 
rence and  subsidence  of  the  first  attack,  but  scarcely  for  the  sudden  recurrence  during  a 
period  in  which  the  patient  had  been  in  excellent  health. 

Prentiss  also  mentions  a  ca^e  brought  on  by  heavy  lifting,  in  which 
either  hemorrhage  or  myocardial  degeneration  may  have  l>een  the  cause. 

Partial  h  e  a  r  t  -  b  1  o  c  k  i  s  v  e  r  y  common  after  overdoses 
of  digitalis  (Mackenzie,  Hewlett,  A.  G.  Gibson)  (page 249 and  Plate  XV), 
but  these  have  never  given  rise  to  complete  block  or  Atlams-vStok*^  y\Tidrorae. 

Heart-block  with  Auricular  Fibrillation  (Essential  Bradycardia). — A 
certain  number  of  cases  have  \wtm  report ef]  in  which  the  ventricular  rate 
is  as  slow  OS  in  the  ordinary  form  of  Adanis-8tokes  disefisc.  The  venous 
pulse  is  of  the  "  single  "  ventricular  or  "  positive  "  type  and  no  regular  **  A  " 
wave  can  be  discerned  upon  it.  Mackenzie  formerly  believed  that  in  these 
cases  the  auricles  and  ventricles  were  beating  simultaneously,  but  studies 
with  the  electrocardiograph,  by  Thomas  Lewis  and  by  Tliayer,  have  shown 
that,  on  the  contrary,  the  auricles  were  fil>rilbting,  but  their  impulses  were 
prevented  from  reaching  the  ventricles  by  an  auriculoventricmkir  block. 

As  very  many  of  the  impulses  from  the  fibrillating  auricle  are  smaller 
than  normal,  a  relatively  slight  injur>^  to  the  bundle  will  prevent  them  from 
passing,  especially  if  the  effect  of  this  is  enhanced  by  the  effect,  of  fligitalis. 

Indeed,  the  bradycardia  which  is  produced  intentionally  in  the  thera- 
peutic administration  of  digitalis  for  auricular  fibrillation  represents  a  partial 
blocking  of  the  impulses  between  the  auricles  and  the  ventricles.  This 
therapeutic  bradycardia  differs  from  the  e.s.sential  bradycardia  not  only  in 
the  fact  that  the  latter  is  spontaneous,  but  particularly  because  in  the  latter 
the  auriculoventricular  block  remains  complete,  and  the  ventricular  impulses 
arise  in  the  ventricle  or  the  Purkinje  fibres  below  the  auriculoventricular 
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bundle.  In  these  cases^  as  in  the  ordinary  causes  of  heart-block,  the  important 
consideration  is  the  maintenance  of  a  sufRcieut  l)locMi  flow  through  the  walls 
of  the  heart  and  brain;  this,  in  the  last  analysis,  depends  upon  keeping  up 
the  pulse-rate  and  the  blood-pressure. 

The  indications  for  treatment  in  this  condition  are  ejsactly  the  same  as 
in  the  ordinary  forms  of  Adams-Stokes  disease  and  will  be  discussed  as  such. 

Heart=block  with  a  Very  Rapid  Ventricular  Rate. — Hewlett  and  Bar- 
ringer  and  J.  D.  WindJe  have  reported  cases  in  which,  in  spite  of  complete 
block,  the  rate  of  the  ventricle  was  beating  with  an  extremely  rapid  inde- 
pendent rhythm.  Hewlett  and  Barringer  have  shown  that  this  may  be 
brought  on  in  certain  cases  by  the  atlministration  of  tligitalis,  although  in 
other  cases  it  probably  arises  spontaneously.  In  their  case  m  which  the 
ventricular  rate  reached  120  per  minute  in  spite  of  complete  block  the  rapid 
rate  may  have  representeil  the  toxic  stage  of  digitalis  action ;  while  in  Windle's 
case  of  idiopathic  heart-block  the  ventricular  rate  rangeil  between  50  and  60 
per  minute,  about  double  the  usual  ventricular  rate  in  complete  block. 

PHYSICAL   SIGNS   AND    DIAGNOSIS. 

As  the  Adams-Stokes  sjmdrome  may  occur  in  cases  having  valvular 
lesions,  the  physical  signs  over  the  heart  may  vary,  and  all  forms  of  mur- 
murs and  of  cardiac  insufficiency  may  occur,  Tliose  which  are  character- 
istic of  the  condition,  as  observed  by  Stokes  and  C'hauveau,  are  the  very 
slow  pulse  disappearing  entirely  before  the  onset  of  the  attack:  the  presence 
of  small  visible  pulsations  in  the  jugulars,  of  more  than  double  the  ntimber  of 
the  pulse  in  the  carotids,  with  the  small  jugular  pulsations  and  occurring  at  a 
regular  rhythm  which  is  more  rapid  than  that  of  the  ventricles;  a  faint  sound 
like  the  ticking  of  a  watch  may  often  be  heard  near  the  left  sternal  margin,  i.e., 
the  right  auricle;  and  a  slight  pulsation  or  shock  may  at  the  same  time  be 
seen  or  felt  over  the  apex.  On  barely  touching  the  radial  a  faint  shock  of  the 
same  rh>lhm  may  also  be  felt  in  the  radial  pulse.  This  corresponds  to  the 
small  auricular  wavelets  upon  the  pulse,  which,  as  Fran(jois-Franck  has  shown, 
are  due  to  the  beating  of  the  auricles  against  the  root  of  the  aorta. 

11  the  number  of  diastolic  waves  over  the  vein  or  the  number  of  auricular 
sounds  varies  in  successive  diastoles,  the  heart-block  is  one  complete;  if  it  is 
constant  the  block  is  partial  (Hirschfelder,  Virginia  Med.  Se mi-Monthly, 
1914,  xviii,  576). 

In  X-ray  examination  the  independent  contraction  of  the 
auricles  may  be  readily  seen  (Deneke),  and  this  of  course  settles  the  diagnosis. 
Similarly  G.  A.  Gibson  and  Einthoven,  as  well  as  Pick  and  Barker,  Bond, 
mid  the  writer,  have  denionstrate<l  heitrt-block  liy  the  electrocartltogram. 

The  usual  and  the  most  satisfactorj'  method  of  diagnosis  is  by  comparison 
of  the  venous  pulse  tracing  with  that  from  the  carotid  artery  or  the  apex, 
by  which  means  the  exact  relation  of  auricular  to  ventricular  contraction, 
the  degree  of  block,  and  the  variations  of  conductivity  are  rejidily  shown. 

Difficulties  in  diagnosis  may  occur  from  the  following  causes: 

L  The  pulse-rate  may  be  so  slow  that  heart-block  may  l>e  suspect^Ml. 
This  occurs  especially  in  old  persons,  in  athletes  when  at  rest,  and  in  con- 
valescents from   infectious  diaeaaes.     For  the  absolute  ex'clusion  of 
block  a  venous  tracing  may  be  necessary,  in  which  the  absence  of  a 
midway  between  the  normal  a  waves  excludes  the  presence  of  a  heart-block* 
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The  writer  has  sern  a  number  of  cases  whose  pulse-rate  was  44  to  48  per 

minute  with  no  sign  of  heart-block  on  the  venous  traeing.  (Figs.  48  and  106.) 
2.  The  early  diastuhe  wave  (A  wave  of  Hirschfelder,  b  wave  of  Gibson) 
may  sometimes  occur  midway  between  auricular  waves,  and  may  thus  simu- 
late a  2  : 1  rhythm.  Moreover,  the  **  third  heart  sound  "  is  usually  present  in 
these  eases,  and  may  easily  be  taken  for  the  sound  of  auricular  contraction. 
The  presence  of  llie  k  wave  may  be  differentiated  from  that  of  partial  block  by 
increasing  the  heart-rate,  Ity  rapid  respiration,  mild  exercise,  et(\.  upon  which 
the  h  wave  is  no  longer  founrl  midway  fietween  a  waves,  but  maintains  its  old 
interval  from  the  v  wave  and  approaches  the  seeond  a,  whereas  in  partial 
heart-block  it  would  maintain  the  mid-position.  This  point  is  of  great  im- 
portance, since  the  presence  of  heart-block  is  a  grave  sign,  and  it  should  not 
be  diagnosed  without  due  care.  The  writer  hiis  seen  a  numlier  of  eases  in 
which  heart-bkiek  miglit  have  been  diagnosed  had  this  precaution  not  been 
exercised,  as  for  example  the  patient  whose  phlebogram  is  shown  in  Fig.  106, 
Slow  pulse  of  vagal  origin  may  also  occur  in  brain  tumor,  fracture 
of  the  skull,  meningitis,  etc.,  and,  especially  in  tlie  first,  may  be  accompanied 
by  syncopal  attacks.  In  these  cases  there  is  rarely  any  degree  of  heart-block 
between  attacks,  and  the  site  of  the  cardiac  disturbance  can  readily  be  deter- 
mined by  its  disappearance  after  the  administration  of  atropine. 

A  slow  pulse  wit  h  occasional  attacks  of  vertigo  may  also  occur  as  the  result 
of  e  X  t  r  a  s  y  s  t  o  1  e  s  too  weak  to  open  the  aortic  valves,  and  thus  give 
rise  to  a  rhythm  which  is  too  slow  to  nourish  the  brain  (W.  James  and  Norris), 
and  a  true  Adams-Stokes  syndrome  arises  \vithout  heart-block.  The  diag- 
nosis is,  however,  readily  made  on  auscultation,  from  the  fact  that  between 
effective  beats  a  single  loud  sound  is  heard  (whole  rhythm  being  lub  dub 
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lub,  pause, lub  dub  lub)  and  not  the  feeble  tickling  auricular  sound 

of  auricular  contractions.     The  venous  pulse  and  electrocardiogram  char- 
acteristic of  extrasystoles  (see  page  115)  estalilisli  tlie  fliagnosis. 

In  occasional  cases,  paroxysms  of  tachycardia  are  accom  panied  by 
fiiinting  spells,  the  pulse  between  attacks  being  quite  normal  or  even  very  slow. 

Case  of  F'aroxyhmal  Tachycardia  Suqgestinq  Adams-Stokes  Disease. 

A  few  years  ago  tho  writer  exaniinetJ  such  a  case  in  consultation  with  Professor  Barker 
and  Dr.  L  P.  Ly^ni  of  BuflFalo.  The  patient  was  a  man  past  niifMIe  age,  had  a  pulse-rate 
of  60,  and  hud  hwii  subject  to  attacks  of  palpitation  with  fainting  BpcHs.  The  ca.<*e  had 
been  seen  by  several  gpeciuli.»<t8  in  various  cities,  who  had  diagnosed  it  Adams-^Stokea 
eyndromc.  Physical  exaniiiiation  was  negative  except  for  a  slight  grade  of  artcriosclcrosiB. 
Tracings  of  the  venous  pul^e,  however,  showed  coiKivic1ivi(.y  to  be  normal  (a-c  interval 
0.2  second),  and  tliis  crmtinuwl  to  be  the  case  even  when,  upon  exerciw,  the  pulse-rate 
rose  to  120  per  minute  without  tlriip|)iiig  a  lirat.  The  Adanis-^Stokefl  syndnmie  was  thus 
excluded.  From  the  sudden  onset  and  the  fainting  «|>eUH  during  the  attacks,  it  wiw  con- 
cluded that  the  condition  wjis  most  probably  paroxysuiuJ  tachycardia.  The  patient  waa 
subsecjuently  stH.'a  in  a  ty[)ical  attack,  with  sudden  appro.ximate  doubling  and  sudden 
halving  of  the  rate,  and  (he  diagnoms*  was  thus  verified.  Dr.  Lyon  informs  the  writer  that 
the  patient  is  much  improved  and  has  now  only  mild  attacks  of  tachycardia. 

Case  of  Heart-Block  or  Long  DuaATiON. 

In  1910  the  writer,  in  conatiltation  with  Prof.  L.  F.  Barker,  examined  a  gentleman 
over  sixty  years  of  age,  whose  pulse-rate  wtis  from  30  to  35  per  minute,  in  whom  venous 
pulse  and  elect  rocardiirgr  am  Hhowctl  a  complete  heart -block.     Prom  the  accounts  of  his 
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family  hia  pulae  liad  aiaintamed  thia  rate  for  at  least  thirty-five  years,  during  which, 
the  great  alarm  of  hia  phyaiciana,  he  had  led  an  active  hfe  free  from  s>'Tnptoms  of  cardiac 
weakneaa,  and  devoid  of  cardiac  ajrmptoms  until  a  few  extraayatolea  with  palpitation  ap- 
peared a  few  years  ago.  These  extraaystoJes  produced  no  ill  effects  on  the  circulation,  and 
at  last  acoonnts  he  was  maintaining  perfect  Ijealth. 

Extrasystoles  Simulating  Heart-Btock. — Walter  James  and  Norris  have 
reported  typical  syncopal  bradycardia  due  to  the  occurrence  of  ventricular 
extrasystoles  too  weak  to  open  the  aortic  valves  and  to  the  lcng;th  of  the  pauses 
between  effect\ial  pulse  waves.  Such  cases  should  be  efu^ily  differentiated 
from  true  heart-block  by  simple  inspection,  for  no  extra  waves  occur  upon  the 
venous  pulse  in  dia^stole,  and,  moreover,  the  loud  sharp  heart,  sounds  accom- 
panj-inf^  the  ventricular  extrasystole  can  easily  be  differentiated  from  the 
feeble,  just  audible  sound  that  is  produced  by  the  auricle.  The  circulation 
of  the  blood  through  the  Iwdy  in  such  cases  is  accordingly  maintained  entirely 
by  the  rejfular  forcible  heart-beatSf  although  the  venous  pulse  or  the  cardio- 
gram shows  that  the  ventricle  is  beating  during  the  whole  period. 

There  may   occasionally   be  difficulty   in   differentiating   the   Adams- j 
Stokes  syndrome  from  epilepsy  and  brain  tumor.    Heart-block  is,  however, 
never  present  in  the  forim^r,  very  rarely  in  the  latter;  so  that  the  diagnosis 
can  usually  be  made  from  simple  inspection  of  the  jugular  vein.    If  necessary, 
venous  tracings,  supplemented  by  the  atropine  test,  may  be  resorted  to. 

PROGNOSIS. 

The  course  of  cases  suffering  from  the  Adams-Stokes  syndrome  is  very 
variable.  It  is  probable  that  many  cases  die  in  the  first  attack,  but  the 
condition  remains  undiagnosed  or  is  ascribed  to  coronary  sclerosis.  It  b 
not  unlikely  that  histological  examinations  of  many  cases  of  sudden  death 
would  reveal  lesions  in  the  bundle  of  His  or  its  artery.  In  some  cases  death 
occurs  within  a  few  weeks  or  months  after  the  first  attack,  but  in  very  many 
the  heart-block  may  last  for  many  years,  with  or  without  disappearance 
of  the  syncopal  attacks.  Many  cases  of  Edes's  series  lived  seven  or  eight 
years  after  the  first  attack.  Osier's  case  lived  thirty,  our  patient  has  lived 
thirty-six  years  after  the  onset  of  bradycardia. 

It  is  stated  that  the  pulse-rate  of  Julius  Caesar  and  of  Napoleon  were 
abnormally  slow  (Napoleon's  being  sometimes  40,  but  at  Elba  50  to  55), 
and  that  the  epilepsy  of  the  latter  was  a  sign  of  the  Adams-Stokes  syndrome, 
but  this  is  not  proved.  However,  it  is  certain  that  the  presence  of  com- 
plete heart-block  is  compatible  with  ability  to  do  a  considerable  amount  of 
work-  Vigouroux  had  imder  observation  a  laborer  with  complete  heart- 
block  who  during  five  years  did  hard  work,  driving  a  cart  with  six  oxen  in 
the  hottest  weather.  His  heart  always  beat  at  a  rate  of  20.  Dr.  Archibald 
Hewan  was  able  to  climb  a  mountain  several  thousand  feet  high  when  his 
pulse  ranged  from  32  to  40  and  never  rose  above  the  latter.  Most  of  the 
cases  die  in  the  attacks  (Edes),  but  death  from  coronary  sclerosis  without 
Adams-Stokes  s.^Tidrome,  as  in  our  case,  is  not  uncommon.  Gerhardt  has 
recently  reported  three  cases  in  which  not  only  the  syncopal  attacks  but 
also  the  heart-block  completely  disappeared,  owing  to  subsidence  of  the 
pathological  process  in  the  auriculoventricular  buntlle  which  w*as  not 
destroyed.    Prof.  Thayer's  case,  quoted  above,  probably  belongs  to  this 
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TREATMENT  OP  HEART-BLOCK  AND  THE   ADAM8-8TOKES  DISEASE. 

The  problem  of  tiie  treatment  of  Adams-Stokes  disease  presents  several 
distinct  phases  and  aims,  1 .  To  bring  about  retrogression  of  the  lesion  to 
the  bundle.  2.  To  remove  as  many  factors  as  possible  which  tend  to  increase  * 
the  block.  3.  To  increase  the  irritability  and  rhythmicity  of  the  ventricular 
muscle,  so  as  to  shorten  the  jM'riods  of  stoppage  and  to  increjvso  the  rate 
of  the  ventricles. 

Retrogression  of  the  lesion  in  the  bundle  can  be  brought  about  by  medi- 
cation only  in  the  cases  of  syphilitic  origin,  in  which  the  gummata  and  luetic 
infiltrations  may  sometimes  be  made  to  subside  under  vigorous  treatment 
with  iodides  and  inunctions  of  mercury.  Sodium  or  potassium  iodide  should 
be  given  in  doses  gradually  increasing  up  to  4  Gm.  (3i)  or  more  three  times  a 
day,  and  these  along  with  mercury  should  be  kept  for  long  periods  and  re- 
sumed at  frequent  intervals.  In  a  considerable  nuralier  of  ceiscs,  as  in  those 
reported  by  Schmaltz  and  by  Erlanger,  subsidence  of  the  lesion  muy  be 
accomplished  and  the  heart-rate  restored  to  normal.  In  these  cases  Ehrlich's 
salvarsan  ("  606  ")  would  be  very  desirable  if  it  could  be  administered,  but 
in  its  present  mode  of  a<lministration  it  is  too  dangerous  to  use. 

In  non-luetic  lesions,  medication  is  of  little  use,  but  it  is  important  to 
put  the  patient  at  complete  rest  for  as  long  u  period  as  practicable,  in  the 
hope  that  by  reducing  the  strain  upon  the  heart  as  far  as  possible  oedema, 
infiltration,  and  hemorrhages  may  be  gradually  absorbed  or  at  least  may 
suffer  no  further  increase. 

In  the  eases  in  which  the  lesion  itself  cannot  l>e  caused  to  subside,  espe- 
cially in  cases  in  which  the  block  is  a  partial  one,  it  may  l>e  possible  to  bring 
about  an  improvement  which  is  sometimes  temporary  and  which  may  some- 
times last  for  several  weeks  or  even  months  by  the  administration  of 
atropine  (Gibson  and  Ritchie,  Thayer  and  Peabody).  This  removes  the 
effect  of  tonic  action  of  the  vagus. 

In  patients  in  whom  the  heart-block  is  due  to  a  comijination  of  a  vagal 
and  a  muscular  element,  a  double  vicious  circle  is  operating : 


Vagal  block 


Muscular 
lilock 


Asphyxia  of     Slowing 

the  hoart  ■< of  the 

muftcle  circulation 


The  administration  of  atropine,  by  removing  the  vagal  block  and  increas- 
ing the  vehx'ity  of  the  circulation,  also  improves  the  nutrition  of  the  auric- 
ulo ventricular  bundle  and  may  do  so  to  an  extent  that  permits  it  to  regain 
its  function.  In  patients  in  which  the  block  is  due  entirely  to  the  muscular 
lesion,  however,  as  Erlanger  and  Hirschfelder  have  shown,  the  degree  of 
block  is  entirely  unaffected  by  atropine  or  may  even  be  increased  somewhat 
by  the  increase  in  tiie  pulse-rate. 

In  the  cases  of  partial  heart-block  digitalis  is  usually  either  without 
effect  or  positively  biirmful,  since,  as  v.  Tabora  has  shown,  it  diminishes  the 
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conductivity  of  the  auriciiloventncular  bundle,  although  this  effect  is  some- 
what lessened  by  the  administration  of  atropine. 

On  the  other  hand,  the  duration  of  ventricular  stoppage  brought  on  by 
clamping  the  bundle  with  an  Erlanger  clamp  is  greatly  diminished  by  digi- 
talis, as  V.  Tfdxjra  has  shown.  Other  drugs  seem  to  have  little  effect  in  influ- 
encing the  duration  of  stoppage  and  the  onset  of  syncope.  August  Hoffmann 
reports  a  case  in  which  inhalations  of  oxj'gen  afforded  distinct  relief,  and  this 
measure  is  wortliy  of  trial  in  every  case.  In  most  cases  little  benefit  need  be 
expecteil,  for  during  the  cessation  of  the  pulse  the  blood  does  not  circulate 
from  the  lungs  to  the  brain. 

Peculiar  postures  sometimes  help  in  warding  off  syncopal  attacks  by 
improving  the  blood  through  the  brain  until  the  ventricular  rhythm  has 
become  established.  Stokes  (1846)  wTites  that  his  patient "  had  two  threaten- 
ings  of  fits  since  his  admission,  and  warded  both  off  by  a  peculiar  manceuvre: 
as  soon  as  he  perceives  sjTnptoms  of  the  approaching  attack  he  directly  turns 
on  his  hands  and  knees,  keeping  his  head  low,  and  by  this  means  he  8a>'s  he 
often  averts  what  otherwise  would  end  in  an  attack."  This  was  the  patient's 
physiological  therapy  to  prevent  cerebral  ana»mia.  Another  patient  has  been 
reported  who  made  use  of  a  similar  procedure  by  lying  on  the  floor  and  rais- 
ing his  legs  upon  the  arms  of  a  chair,  by  which  he  obtained  still  better  filling 
of  the  cerebral  vessels. 

After  the  complete?  block  has  once  been  established,  the  patient  is  still 
beset  with  three  dangers: 

1.  The  circulation  under  the  regular  ventricular  rhythm  may  be  too 
slow  to  nourish  the  brain  and  the  tissues,  including  the  heart  itself,  and  the 
patient  may  thus  be  kept  a  bedridden  invalid  or  may  even  die  as  the  result. 

2.  The  ventricular  rate  may  become  irregular,  through  the  appearance 
of  ventricular  extrasystolcs  and  even  of  periods  of  stoppage  during  complete 
heart-block,  exactly  similar  to  those  occurring  at  the  onset  of  the  block,  and 
syncope  or  death  may  occur,  as  in  the  latter. 

3.  The  block  may  pass  off  spontaneously,  the  rate  and  rhythm  become 
normal,  but  the  condition  become  so  unstable  that  the  patient's  life  becomes 
constantly  cndangeretl  by  the  possible  onset  of  heart-block,  stoppage,  and 
the  Adams-Stokes  syndrome. 

Though  no  drug  is  specific  for  these  conditions,  v.  Tabora  and  also 
Erlanger  have  shown  that  digitalis  increases  the  ventricular  rate  in  experi- 
mental complete  block,  and  Bachmann  found  that  the  rate  of  a  ventricle 
of  a  patient  with  the  Adams-Stokes  syndrome  was  accelerated  during  com- 
plete heart-block  and  the  patient's  condition  somewliat  improved.  Hewlett 
and  Barringcr  and  others  have  confirmed  these  observations,  and  it  appears 
certain  that  more  or  less  acceleration  of  the  independently  beating  ventricles 
may  be  obtained  with  drugs  of  the  digitalis  serit^s. 

This  acceleration  of  rate,  as  long  as  it  is  not  accompanied  by  weakening 
of  the  heart-beat,  is  a  thing  to  be  desired,  but  it  must  not  be  forgotten  that 
acceleration  of  the  ventricles  may  appear  during  the  last  stages  of  digitalb 
poisoning,  and  therefore  the  mere  acceleration  of  the  ventricular  rate  does 
not  necessarily  indicate  an  improvement  in  the  circulation.  Similarly,  the 
maximal  blood-pressure  may  fall  cither  from  better  nutrition  of  the  vaso- 
motor centre  in  the  medulla  or  fiom  the  fact  that  with  the  increasing  pulse- 
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rate  the  pulse-pressure  for  each  beat  is  diminished.  The  best  index  is,  there- 
fore, the  gc'neral  condition  of  the  patient,  his  ease  of  respiration,  clearness 
of  mind,  and  bodily  activity. 

Drugs  of  the  digitalis  scries,  therefore,  are  contraindicuted  in  partial 
heart-biockj  i)ut  should  be  used  as  soon  as  the  block  has  become  complete. 

Other  drugs  seem  to  be  entirely  without  effect:  caffeine,  theobromine, 
strj'chnine,  and  amyl  nitrite  have  all  been  used  by  certain  writer.s,  but  with- 
out special  benefit  to  the  patient,  and  the  writer  has  been  unable  to  find  any 
effect  from  them  upon  the  ventricular  rate  in  complete  heart-block  in  dogs. 

Ammonium  carbonate  has  not  been  extensively  employed,  although 
Burnett  claimed  to  have  Ijeen  able  to  abort  attacks  in  his  patients  by  its  use. 
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XII. 

PERICARDITIS. 

Historical. — The  presence  of  changes  in  the  pericardium  in  animals 
was  known  to  Galen,  and  Senac  in  1749  described  the  condition  in  man. 
Auenbnigger  and  later  Corvisart  were  able  to  make  out  changes  in  dul- 
ness  due  to  pericardial  effusions.  Laennec  detected  the  murmur  of  fibrin- 
ous pleurisy,  and  described  it  as  resembling  the  creaking  of  a  new  saddle, 
but  its  diagnostic  significance  was  positively  estabUshed  by  Collin  and  by 
Devilliers  in  1824. 

ETIOLOGY. 

The  frequency  with  which  pericarditis  occurs  varies  greatly  according 
to  various  observers,  and  particularly  according  to  the  age  of  their  patients. 
It  seems  to  be  considerably  more  common  in  children  than  in  adults  with 
cardiac  disease,  as  stated  by  Poynton,  as  it  accompanied  endocarditis 
and  myocarditis  in  94  per  cent,  of  Sturges's  cases  of  heart  disease  (carditis) 
from  the  Great  Ormond  Street  Children's  Hospital.  This  is  in  accordance 
with  the  somewhat  exaggerated  statement  of  Cadet  de  Gassicourt  that  all 
children  who  are  killed  by  rheumatism  die  from  pericarditis;  but  it  applies 
more  to  children  of  the  second  decade  than  of  the  first,  since  death  from 
rheumatic  affections  is  most  common  in  the  second  decade.  Pericarditis 
was  found  in  19  of  Osier's  73  autopsies  upon  cases  of  chorea.  Pericar- 
ditis occurred  in  230  (1  per  cent.)  of  the  cases  admitted  to  the  medical 
service  of  the  Johns  Hopkins  Hospital.  Of  these  53  were  associated  with 
endocarditis;  8  with  myocarditis.  Other  factors  were  pneumonia  39; 
rheumatism  31;  nephritis  33;  tuberculosis  25;  pleurisy  17;  gonorrhoea  3; 
aneurism  2;  leukaimia  2;  syphilis  1.  Rheumatism  occurred  in  51  per  cent, 
of  the  100  cases  reported  by  Sears  from  the  Boston  City  Hospital.  This 
relationship  between  pericarditis  and  rheumatism  has  been  proved  experi- 
mentally by  Wasserman,  Triboulet,  Poynton  and  Paine,  Walker,  Cole  and 
Beattie  (page  387). 

Pneumonia  is  also  one  of  the  common  causes  of  pericarditis  (18  per 
cent,  of  Sears's  series) ,  and  usually  ranks  next  to  the  rheumatic  cycle  as  an 
etiological  factor.  Pericarditis  was  present  in  4.6G  per  cent,  of  the  cases  of 
pneumonia  at  the  Johns  Hopkins  Hospital  (Chatard),  and  in  2-3  per  cent.  - 
of  Preble's  series  in  Chicago.  According  to  the  latter  observer  its  relative 
frequency  is  about  proportional  to  the  extent  and  severity  of  the  disease. 
This  claim  is  also  borne  out  by  Chatard's  statistics  (frequency  of  15.7  per 
cent,  in  the  cases  coming  to  autopsy).  Moreover,  the  appearance  of  an 
acute  pericarditis  in  the  course  of  the  disease  is  a  very  grave  sign,  for 
only  two  cases  (6.5  per  cent.)  of  Chatard's  series  recovered. 
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Pericarditis  is  also  common  in  scarlatina  (especially  with  strepto- 
coccus infection),  in  severe  measles,  and  in  smallpox.  In  the  latter  it  is 
frequently  purulent. 

Tuberculous  pericarditis  is  quite  common  (8  per  cent,  of  Brcitung'a 
autopsies),  and  in  contrast  to  the  rheumatic  form  rarely  subsides.  It  often 
ends  in  effusion. 

The  pericarditis  of  chronic  nephritis  and  uraemia  constitutes  a  frequent 
termination  of  this  disease,  though  it  is  by  no  means  always  fatal.  It  ia 
usually  due  to  an  intercurrent  infection,  and  the  pyogenic  cocci  can  often 
be  cultivated  from  the  exudate. 

Pericarditis  may  also  result  as  a  secondarj'  infection  in  septicsemia  and 
in  puerperal  infections  as  well  as  in  gonorrhoea,  especially  when  there  ia 
accompanying  arthritis.  It  is  rare  in  typhoid  fever  (3  times  in  McCrae's 
1500  cases) ;  occurs  occasionally  in  influenza;  and  sometimes  results  from 
septicsemias  due  to  B,  coli,  B,  aerogenes  capsulatus,  B.  pyocyaneus,  etc. 

Trauma  without  direct  injury  of  the  pericardium  or  viscera  was  the 
cause  of  pericarditis  in  Blancard's  case  in  16S8,  and  a  large  number  of  cases 
due  to  this  cause  were  collected  by  Bernstein  in  1S96.  Blows  upon  the  chest, 
wagon  running  over  the  body,  etc.,  arc  the  common  causes. 

FORMS    OF    PERICARDIAL    EXUDATION". 

The  exudate  into  the  pericardial  cavity  may  assume  various  forms. 
In  simple  venous  stasis  and  a.sphyxia  of  the  endotheUal  cells  (hydro- 
peri  t-  a  r  d  i  u  m  )  a  clear  thin  fluid  of  low  specific  gravity,  relatively  poor  in 
proteid  and  especiaUy  in  fibrinogen,  is  secreted.  When  there  is  true  inflam- 
mation of  the  pericardium,  the  exuded  fluid  is  rich  in  fibrinogen  and  of  rela- 
tively high  specific  gravity  (over  1015)  and  contains  nucleo-albumen 
(clouding  with  acetic  acid).  Samuel  has  shown  that  when  the  exudate  is 
poor  in  fibrin  ferment  it  remains  fluid  (pericarditis  with  eflfusion) ,  whereas 
when  this  is  present  the  fibrinogen  coagulates  (fibrinous  pericar- 
ditis). According  to  Opie,  the  enzymes  are  derived  chiefly  from  the 
leucocytes,  especially  the  poiymorphonuclears,  and  hence  the  amount  of 
fibrin  deposited  depends  largely  upon  the  number  of  these  cells  present. 
Moreover,  since  these  ct'lls  {mas  out  from  the  blood-vessels,  the  fibrin  is  first 
and  most  thickly  deposited  in  tlie  vicinity  of  the  latter, — i.e.,  along  the 
epicardium  above  the  circumflex  and  descending  rami  of  the  large  coronary 
arteries,  where  it  begins  in  the  form  of  strands  passing  out  from  about 
the  leucocytes,  and  hence  gives  the  heart  a  shaggy  appearance  (cor  villosura, 
Fig.  279) .  This  layer  of  fibrin  usually  has  the  appearance  and  consistency 
of  a  yellow  batter.  When  fresh  it  is  not  very  adherent  to  the  heart,  and 
may  reach  a  thickness  of  an  inch  or  more.  There  may  be  no  fluid  in  the 
pericardial  cavit}-,  but,  as  a  rule,  both  fibrin  and  fluid  are  present,  the 
latter  often  in  large  quantities.  The  fluid  is  usually  tliick,  containing 
uncoagulated  fibrinogen  as  well  as  small  flaky  masses  of  fibrin,  which  may 
render  it  too  thick  to  be  removed  by  aspiration.  When  the  exudate  is 
extremely  rich  in  bacteria  and  leucocytes,  the  proteolytic  enzymes  are 
given  off,  which  digest  the  fibrin,  and  the  fluid  l>ecomes  purulent. 

When  the  fibrinous  exudate  of  a  simple  pericarditis  is  absorbed  rapidly, 
it  leaves  no  traces  and  the  i>ericardium  again  becomes  clear.    But  when  it 
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Organization  and  Adhesion, ^The  strands  of  newly  formed  connective  ' 
tissue  may  penetrate  the  fibrin  between  the  two  layers  of  pericardium  and 
completely  bridge  the  cavity  with  fibrous  strands  (Fig.  286).  In  many 
cases  the  tug  of  the  heart  in  systole  stretches  these  out  into  fibrous  cords 
an  inch  or  more  in  length;  in  other  eases,  or  over  other  parts  of  the  same 
heart,  the  adhesions  are  denser^  the  two  surfaces  may  be  completely  glued  h 
together  and  the  cavity  obliterated  (adherent  pericardium).  ^ 

The  division  into  these  forms  of  pericarditis  is,  therefore,  an  arbitrary 
one,  but,  a.s  will  be  seen,  is  made  necessary  by  the  absolute  diflference  in 
both  diagnostic  signs  and  mechanical  effects  upon  the  circulation,  and 
thus  as  regards  indications  for  treatment.  Their  relative  frequency  is 
shown  in  the  following  table,  which  Gibson  quotes  from  Breitung's  autop- 
sies at  the  Berlin  Charity  Hospital  (Virchow's  Department). 

Cftsw.  Per  c«nt. 

Serofibrinous 108  33.3 

HemoFThagic 30  9.2 

Purulent 24  7  5 

TulierculouB  (secondary) 24  7.5 

Tul>erculouw  ((jrinmry) 2  0.7 

Partially  atlherent Ill  34.3 

Tot  ally  ad  he  rent 23  7.3 

Ossified.  - ^ 2  0  7 
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Although  the  pathogenesis  is  the  same,  the  clinical  manifestations 
fibrinous , pericarditis,  pericardial  effusion,  and  adherent  pericardium 
different;  hence  they  are  discussed  separately. 

SIMPLE  FIBRINOUS  PERICARDITIS. 
PATHOLOGICAL    PHYSIOLOGY. 

The  friction  due  to  the  presence  of  the  fibrinous  exudate  imposed 
slight  increase  in  the  resistance  to  both  contraction  und  tilling  of  the  hear 
The  exudate  itself  takes  up  a  certain  amount  of  fti)ace  in  the  pericardial 
cavity  and   may  thus   somewhat   diminish   the  filling  of  the   heart;   bu^H 
these  factors  rarely  suffice  to  embarrass  the  circulation.  ^H 

Either  as  a  result  of  the  accompanying  injury  to  the  heart  muscle  o^^ 
from  irritation  of  the  depressor  nerve,  the  peripheral  vessels  are  dilated 
and  the  blood-pressure  is  low.     The  pulse  also  becomes  small  and  rapid, 
but  is  usually  regular. 


SYMPTOMS. 
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Precordial  pain,  palpitation,  shortness  of  breath,  and  weakness  are 
the  common  complaints,  as  well  as  occasional  chilly  feelings.  Fever,  with 
which  these  are  associated,  is  generally,  but  not  always,  present. 

The  onset  is  very  often  insidious,  and  the  di.'^ease  may  not  be  recog- 
nized at  all  by  the  patient.  Precordial  pain  is  the  most  striking 
symptom.  Sibson  estimates  that  it  occurs  in  70  i>cr  cent,  of  the  cases. 
Henry  Head  calls  attention  to  the  fact  that  the  pain  of  pericarditis  is  not 
a  referred  pain,  but  a  true  local  pain,  often  limited  to  the  area  over  which 
the  friction  is  audible  and  associated  with  tenderness  on  pressure  and  on 
percussion.  It  does  not  radiate  from  tliis  sit4^,  and  differs  in  this  respect 
from  the  anginal  pain.  The  other  symptom.^,  shortness  of  breath  and  palpi^^ 
tation,  manifest  no  special  peculiarity.  ^H 

Occasionally,   especially  when  the  pericarditis  affects  the   posterio^^ 
wall  of  the  pericardium,  there  is  pain   on   swallowing.     This  pain 
is  in  evcr>'  way  similar  to  the  tenderness  of  the  interspaces  in  front,  and 
occurs  when  the  bolus  of  food  presses  upon  the  pericardium  as  it  passe^^ 
down  the  oesophagus.  ^H 

When  the  recurrent  larv'ngeal  nerve  is  affected  by  the  inflammation^' 
aphonia  or  change  in  the  voice  results.     Involvement  of  the  phrenic 
often  produces  hiccough. 


PHYSICAL   SIGNS. 


The  patients  are  usually  quite  pale,  occasionally  cyanotic.  Excep' 
for  accompanying  joint  involvement,  fibrinous  pleurisy,  or  pulmonary 
consolidation,  there  are  few"  signs  outside  the  heart.,  (Edema  of  the  extremi- 
ties is  rare  unless  there  are  accompanying  valvular  lesions.  Over  the  heart 
there  may  be  some  precordial  bulging,  especially  in  children,  but  the  cardiac 
impulse  may  be  less  marked  than  usual,  weak,  diffuse,  and  wavy.  On 
palpation  there  is  sometimes  a  slight  .sufx^rficial  scratching  felt,  especially 
between  the  left  parasternal  line  and  the  sternum;  but  this  is  by  no  means 
as  marked,  as  frequent,  or  as  regular  as  in  valvular  lesions, 
3S 
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DISEASES   OF  THE   HEART  AND   AORTA. 
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Fio,  280. — Diagram  AhowiQg  the  reltttlons  of  the 
pericardjul  and  pleural  frictions  to  the  csnliac  and 
roNpiraUiry  tnovemenl*.  The  pericardial  friction  i» 
indicated  by  narrow  tisus  line,  the  pleural  friotirrn 
by  hlack  iriangleti,  the  b«art  sounda  by  the  utiual 
black  bandn. 
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The  area  of  cardiac  dulness  and  flatness  may  or  may  not  be  increased 
in  one  or  both  directions,  dependent  upon  the  amount  of  the  exudate  as 
well  as  upon  the  degree  of  dilatation  of  the  heart,  but  the  outlines  char- 
acteristic of  pericardial  effusion  are  not  present  when  the  exudate 
is  plastic.  ^ 

The  pathognomonic  sign  of  fibrinous  pericarditis  is  the   s  u  p  e  r  f  i  -  | 
cial   scratching   or    churning   murmur  or  friction   sound 
deacribc<i  by  Laennec   as   resembling    the   rubbing  of   a  new  saddle.     It  J| 
can  be  imitated  more  or  less  closely  by  placing  the  palm  of  the  hand  over^B 
the  ear  and  then  scratching  to  and  fro  upon  the  back  of  the  hand  with  the  ^^ 
finger-nail.     The  pericardial  friction  is  exactly  similar  in  character  to  the 
friction  heard  in  pleurisy,  but  its  time  is  coincident  with  the  cardiac  cycle. 
It  does  not,  however,  coincide  sharply  with  either  systole  or  diastole,  but 
is  usually  heard  during  portions  of  both.    It  is  usually  louder  during  systole 
than  during  diastole,  probably  because  the  two  surfaces  are  moved  across 
one  another  with  greater  force.    A  short  pause  usually  occurs  between  the 

systolic  and  the  dia.stoUc  portion 


of  the  friction.  The  diastolic , 
friction  is  softer  than  the  systolic,  | 
occurs  rather  early,  and  ceases 
during  the  latter  half  of  this ' 
period,  or  in  other  words  as  ven- 
tricular filling  diminishes.  It 
may  also  be  heard  again  at  the 
time  of  auricular  systole,  giving 
a  triple  sound  to  the  friction 
(Broadbent).  Sometimes,  espe- 
cially when  the  pericarditis  is  just 
beginning  and  the  friction  very  soft,  it  is  not  heard  at  all  during  diastole. 
The  friction,  as  a  rule,  does  not  replace  the  normal  heart  sounds,  but  ] 
these,  as  well  as  loud  endocardial  murmurs,  may  be  heard  simultaneously  ] 
with  it.  Their  more  distant  quality  tends  to  accentuate  the  superficiality 
of  the  friction  sound.  Moreover,  the  latter  is  considerably  accentuated 
by  moderate  pressure  of  the  stethoscope  in  the  interspaces.  As  Emerson 
has  shown,  this  is  also  true  of  certain  endocardial  sounds,  but  the  latter^ 
are  quite  different  in  quality  from  a  fresh  pericarditis. 

As  the  exudate  is  absorbed,  the  friction  softens  gradually  into  a  barely  I 
distinguishable  roughening  of  the  first  sound,  and,  finally,  disappears] 
altogether. 

When  portions  of  the  exudate  become  organized  and  remain  as  thick-'' 
enings  of  the  endocardium,  they  may  still  give  rise  to  some  roughening 
of  the  first  sound,  which  may  be  very  diflicuit  to  interpret,  and  this  is 
especially  true  when  they  remain  in  the  form  of  fibrous  strands  and  loose 
adhesions  (see  page  598). 

The  friction  is  usually  first  heard  over  the  third  antl  fourth  left  inter- 
space near  the  sternum,  over  the  area  at  which  the  exudate  first  appears. 
In  the  cases  which  are  secondary  to  pneumonia  and  pleurisy  there  is  often 
a  "pleuropericardial"  friction,  with  respiratory  accentuation 
heard  over  a  considerable  strip  along  the  left  margin  of  the  heart  where 


the  pleura  overties  the  pericardium.  The  pleurisy  exists  in  the  layers 
pleui'a  in  front  of  the  pericartiium.  The  two  processes  exist  simultaneously 
in  separate?  {.'uvities  whose  walls  are  in  coritaet.  Sears  has  pointed  out 
that  in  recurrent  attacks  of  pericarditis  the  friction  may  be  heard  only 
at  the  back  in  the  left  interscapuhir  region.  This  occurred  in  a  caae  in 
which  the  anterior  portion  of  the  pericanlium  was  adherGnt,  Tiie  pvdse 
in  acute  pericarditis 'is  usually  small  and  rapid,  the  blood-pressure  low 
(100  mm.  or  under),  and  the  pulse-pressiure  small  (10^25  mm.),  but  this  is, 
at  least  in  part,  due  to  the  loss  of  vasodilator  tone,  and  in  part  to  the  myo- 
cardial weakening  brought  about  by  the  same  process. 
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Diagnosis  is  usually  simple,  and  the  murmurs  are  rarely  mistaken 
endocardial,  although  Osier  mentions  one  case  in  which  a  to-and-fro 
murmur  was  mistaken  for  a  pericardial  nib. 

When  a  certain  amount  of  fluid  is  present  in  the  pericardium  the 
friction  may  disappear  if  the  heart  is  pushed  backwanl;  and,  as  a  small  p«ri- 
earditial  effusion  is  often  overlooked,  the  whole  condition  may  escape 
diagnosis. 

Case  of  Simfle  Fibrtnous  PERRTAamng. 

F.  G.,  a  colored  hod-carrier,  agetl  50,  entered  the  Johns  Hopkins  Uoapital  on  July  22, 
1904,  complaining  of  pain  arouritl  the  heart.  Excepi  for  the  fact  that  one  son  died  of  gal- 
loping consumption ,  the  family  history  is  negative. 

The  patient  hu«  been  a  healthy  man,  but  hax^l  measlcis,  chicken-pox,  whof>ping-cotif>h, 
njumfBS,  scarlet  fever  as  a  boy,  and  rheumatic  fever  at  38.  He  is  not  subject  to  sore 
throiit.  He  hat!  a  cough  with  pain  in  the  chest  twenty  years  before  admission,  but 
has  Iiad  no  recurrence.  He  has  had  several  attacks  of  goiiorrhcta.  He  has  always 
done  harri  work. 

He  vvtiK  perfectly  well  until  six  weeks  before  admission,  when  he  had  severe 
pain  in  the  rijcht  thigh  and  hip  which  liiJ«te<l  five  weeks,  but  he  kept  at  work 
in  spite  of  the  pain.  Four  days  before  admission  he  began  to  eimgh,  and  two  days  later 
felt  a  cutting  pain  around  the  li  e  a  r  t ,  which  was  especially  severe  on  drawing 
a  deep  breath.  This  haa  persistecf.  He  did  not  notice  any  aj»ecial  shortness  of  breath,  and 
kept  at  work  for  three  days  aft^r  the  precordial  pain  had  set  in. 

The  examination  note  by  Dr.  Cole  states  that  the  patinnt  is  a  weU-nourishe<l  colored 
man,  mucous  membranes  of  fair  color^  no  glan<lular  enlargenieni.  Lungs  clear  tlmiughout 
on  auscultation  and  f)ercuBsion.  Over  the  heart  a  feeble  impulse  is  seen  in  the  fifth  left 
interepace  8.6  em.  from  the  midline.  The  impulse  is  localized.  There  is  no  bulging  of  the 
interepftcee.  On  percvission  the  area  of  cardiac  dulnees  is  found  to  extend 
11.5  cm.  to  the  left  of  the  midline  in  the  fifth  interspuce,  3.0  cm.  to  the  right  opposite 
the  fourth  rib.    Tlie  cartUohepatic  angle  is  90"*. 

The  heart,  sounria  are  distinctly  heard  at  the  apex,  but  there  is  also  a  loud 
rough  pericardial  friction  which  is  not  exactly  synchronous  with  the  heart 
sounds  ami  is  increase*!  by  pressure  vnih  the  stethoscope.  There  are  no  endocardial  mur- 
murs. The  friction  increases  in  intensity  toward  the  base  of  the  heart, 
Tvhere  the  heart  sounds  are  distant  and  the  second  pulmonic  is  louder  than  the  second 
aortic.    The  pulse  is  of  fair  volume,  moderate  tension,  regular,  88  per  minute. 

The  sputum  is  mucopurulent,  but  contains  no  tuliercle  bacilli  and  no  elastic  fibres. 

Urine,  450  c.c.,  amber  colored,  acid,  containing  a  considerable  amount  of  albumin 
and  numerous  hyaline  casts.  Blood  count  shows:  red  blootl-corpuscles  3,500,000;  bfenio- 
globin  50  per  cent.;  leucocytes  7100.     Temperature  ranges  from  101**  to  102. 5**  F. 

An  ice-bag  was  kept  continuously  over  the  precordium,  and  he  was  given  strychnine, 
1.5  mg.  (iV  gr.),  every  four  hours. 
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On  the  second  day  after  admission  the  temperature  fell  to  nonnal  and  tlie  patienil 
felt  better.  The  paiii  in  the  che^t  Imd  gone.  The  jjericaixhu!  frJclioii  wa«  «till  heani,  butj 
less  intense  than  before,  and  by  the  following  day  could  be  hearrl  only  over 
fciniall  area  in  the  fourth  left  interspace  near  the  sternal  margin.! 
It  disappeared  entirely  dxiring  the  course  of  the  followng  week,  and  he  became  entireljTl 
well.  There  were  no  signs  of  pericardial  adhesion.  Tlie  patient  left  the  hospital  on  August 
8,  in  the  third  week  after  his  aduiistiion,  and  has  not  souight  admission  since  then. 


TREATMENT. 

Absolute  rest  in  bed  is  necessarj',  since  the  heart  must  be  spared  as 
much  as  possible,  and,  moreover,  cardiac  strain  and  venous  stasis  tend  to 
increase  the  exudation.  The  diet  should  be  light  or  should  consist  of  milk 
alone  during  the  acute  stages.  If  there  is  much  pain,  morphine  may  be 
freely  given  to  relieve  it,  since  this  symptom  is  not  likely  to  become  chronic; 
and,  on  the  other  hand,  it  is  important  to  keep  the  heart's  action  as  quiet 
as  possible.    For  this  purpose  an  ice-bag  is  usually  applied  to  the  precordium. 

Silva  has  shown  in  dogs  that  by  this  means  the  local  temperature 
within  the  pericardium  may  be  lowered  1°  or  even  3.5°  C.  (1.8° — 7.3°  F.). 
Huxbaum  .HtatoH  that   the  use   of   the  ice-bag  in  pericarditis  is  now  quite 
general  throughout  the  world.     In  American  chnics  this  is  certainlj'  ih( 
case.    The  clinial  experience  of  the  writer  has  been  one  of  uniform  sati 
faction  in  its  use.    The  fact  that  Rubino  was  able  to  produce  pericarditis 
in  animals  by  the  intravenous  injection  of  cultures  of  pyogenic  cocci  only 
when   ice   was   simultaneously   applied   to   the   chest,    h 
probably   little   bearing   upon    the   therapeutic   use  of   the   latter,    sine 
Rubino  probably  chilled  his  animals  severely,   while  in  the  therapeuti 
application  the  ct>oling,  e.'^pecially  of  the  deeper  layers,  is  both  localized 
and  mild.     No  doubt  the  local  temperatui^  of  the  inflamed  i>ericardium 
is  reduced  to  normal,  but  not  much  below  it. 

Other  methods  of  couuterirritation  are  also  useful  and  devoid  of  this' 
possible  objection.  Head  cites  a  case  in  which  relief  of  the  pain  witliin  five 
minutes  was  brought  about  by  the  application  of  three  leeches  to  the 
p record iu in,  and  Biers's  suction  c  u  p  s  or  the  old-fashioned  dr>'  or  wet 
cupping  may  be  resorted  to  with  equal  satisfaction.  This  may  also  be  said 
of  hot  or  warm  poultices,  hot-water  bags,  and  the  modern  electrical  heating 
pads  whose  temperature  can  be  kept  regulated  with  great  accuracy.  Blis- 
ters (cantharides),  mustard  plasters.  Paquelin  cautery,  and  Finsen  light 
may  also  be  used  with  great  satisfaction,  or  even  a  ''light  bath" 
from  a  single  small  incandescent  lamp  with  reflector  placed  near  the  pre- 
cordium. 

Medicines  seem  to  be  of  little  value.  Caton  recommends  potas^um 
iodide.  Broadbent  states  that  digitalis  should  be  avoided  in  the  early 
stages,  but  Romberg  recommends  its  use  in  the  cases  with  nephritis.  It 
should  be  ust^d  at  once  and  should  be  preceded  by  intravenous  stroph&nthin 
if  signs  of  acute  cardiac  failure  manifest  themselves. 

The  pain  is  not  relieved  by  salicylates,  so  that  codeine,  .03  Gm.  (J 
heroin,  .005  Gm,  (yV  gr.),  dionin,  .02  Gm.  (J  gr.),  or  morphine,  .016 
(i  gr.),  must  often  be  given. 

The  bowels  should  be  kept  moving  easily  with  saline  pui-gatives. 


iteH 

tis™ 

Pd^ 


PERICARDITIS. 


f 


PROGNOSIS. 

Osier  states  that  "simple  fibrinous  pericarditis  never  kills,"  but  peri- 
carditis is  frequently  seen  as  a  terminal  event  in  other  conditions,  espe- 
cially in  pneumonia,  tuberculosis,  gout,  and  nephritis.  In  any  of  these  it 
IB  a  grave  but  not  always  fatal  sign. 

The  main  dangers  accompanying  fibrinous  pericarditis  are  the  develop- 
ment of  effusion  on  the  one  hand  or  of  pericardial  adhesions  on  the  other. 
Sometimes  all  three  conditions  occur  succcj^sively  in  the  same  case,  the 
fluid  collecting  within  a  few  days  after  the  fibrinous  exudate,  is  removed 
after  a  few  weeks  by  aspiration  or  absorption,  and  is  followed  by  organi- 
zation of  the  exudate  with  adhesions  which  usually  last  throughout  one  or 
several  years  ami  finally  terminate  the  life  of  the  patient.  Fortunately, 
the.se  complications  are  by  no  means  the  rule,  and  in  many  cases  fibrinous 
exudate  is  absorbed  without  further  trouble. 

It  is  evident  from  both  the  pathological  and  the  clinical  stand-point 
that  the  fresher  the  exudate  the  cleaner  will  be  its  absorption.  Hence  the 
importance  of  vigorous  treatment. 


PERICARDITIS    WITH   EFFUSION. 

Frequently  during  the  course,  and  especially  in  the  second  or  third 
week,  of  an  acute  pericarditis  fluid  collects  within  the  pericardium.  Under 
normal  conditions  there  are  from  twenty-five  to  fifty  cubic  centimetres 
of  serous  fluid  present.  In  pericardial  efi"usions  from  500  c.c.  to  1  litre  is 
frequent;  as  much  as  4000  c.c.  has  been  found  at  autopsy  by  Verney.  A 
pericardial  membrane  of  the  usual  size  could  not  accommodate  so  large 
an  effusion,  and  stretching  of  the  former  usually  goes  on  simultaneously 
with  increase  in  the  latter.  Hence  it  follows  that  the  actual  size  of  the 
effusion  may  be  of  little  import,  and  a  small  rapidly  exuded  effusion  may 
produce  signs  of  intrapericardial  pressure  sooner  than  a  large  one  arising 
slowly. 

The  character  of  the  fluid  may  vary  as  much  as  its  quantity.  It  may 
be  thin  and  serous  and  free  from  coagula,  especially  when  poor  in  leuco- 
cytes, or  it  may  contain  small  gelatinous  coagula  forming  here  and  there 
about  masses  of  leucoejtes;  or  this  process  may  be  so  generalized  that  the 
whole  mass  may  be  convert'Cd  into  a  very  thin  jelly.  Diapedesis  of  corpus- 
cles through  the  injured  vessel  waUs  may  cause  it  to  become  bloodstained, 
a  condition  which  is  especially  frequent  in  carcinomatosis  or  sarcomatosis 
of  the  pericardium. 

PATHOLOGICAL   PHYSIOLOGY. 

Fran<,'oiS'Franck,  Lagrolet,  and  Cohnheim  have  shown  that  the  injec- 
tion of  fluid  into  the  pericardial  cavity  hinders  the  entrance  of  blood  into 
the  auricles,  and  thus  causes  stasis  of  blood  in  the  venaj  cava*  and  fall  in 
the  blood-pressure.  Their  experiments  were  rejieated  by  Starling,  who 
found  that  on  injecting  successive  amounts  of  20  c.c.  and  10  c.c.  of  oil 
into  the  dog's  perifardiiHu,  thp  pressure  in  the  vena  cava  rose  gradually, 
while  that  in  the  aorta  and  pulmonary  vein  remained  constant  for  some 
time.     That  is  to  say,  the  rise  in  venous  pi-essure  comj^ensated  for  the 
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increased  pressure  within  the  pericardium,  and  although  some  venoua] 
stasis  occurred  the  circulation  was  not  retarded.  As  much  as  (>0  r.c,  of  oil 
could  thus  be  injected  into  the  dog's  porirardiuni  without  producing  any 
other  change.  But  when  10  c.c.  m  o  r  e  were  injected  the 
condition  changed  suddenly  and  completely.  The  small  excess 
of  fluid  in  the  pericardial  cavity  had  caused  the  pressure  within  it  to  rise 
considerably  abov«  that  in  the  veins,  and  above  the  level  to  which  the 
venous  pressure  coultl  rise  during  stasis.  The  walls  of  veins  an< 
auricles,  therefore,  collapsed  under  excess  of  pressuri 
(Fig.  281),  and,  since  but  little  blood  could  enter  the  ventricles,  the  blood-  ' 
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Fio,  281. — The  circulation  in  oams  with  ppricantial  effuFion.     (Diacrammatic.)     I.   Normal.     II. 
Small  efluaion,  ithowing  the  ris«  in  vtmoue  pressure  ami  the  iTicr«»fii»d  difliruity  in  the  filling  o(  th«  heart, 
ni.  (<r«at  iiirrnu«p  in  intrapericanlial  pr»a«ur«).  Nhowkig  line  complete  rutting  nfT  of  venoiu  inflow  anrl 
fall  ill  a^t(^^iBl  pre.i«<ur«>.     Ttto  area  ehad»l  with  lioriBoutsl  broken  line«  tndicatee  the  height  of  thr  presmre  ] 
within  the  perit-anUium.       (Compare  with  Fig,  26.) 

pressure  in  the  aorta  fell.  The  same  change  occurred  in  Fran«;;ois-Franck*8 
experiments  when  the  intraperi cardial  pressure  was  raised  from  10  mm.  to 
20  mm.  Hg.  When  the  pressure  was  not  relieved  death  ensued,  the  heart 
beating  for  a  short  time  after  the  circulation  had  ceased.  On  the  other 
hand,  when  the  small  excess  of  fluid  was  removed,  the 
blood -pressure  quickly  rose  again  and  the  circulation  returned 
to  normal.  This  experiment  exactly  reproduces  the  condition  in  man  when 
a  pericardial  effusion  is  collecting,  illustrates  the  mechanism  of  death  in 
that  condition,  and  also  illustrates  the  beneficial  effect  obtained  from  par- 
acentesis when  even  a  small  amount  of  fluid  is  removed. 

SYMPTOMS    AND    COURSE. 

Pericardial  effusion  is  somewhat  less  frequent  in  children  than  are 
the  other  forms  of  pericarditis,  its  subjects  being  usually  adults  and  often 
persons  past  middle  age.  The  symptoms  of  pericardial  effu.sion  are  more 
insidious  than  those  of  the  fresher  fibrinous  inflammation,  pain  being 
somewhat  less  common  and  less  intense,  dyspnoea  and  weakness  being 
more  intense.  The  patients  are  very  much  more  comfortable  in  the  vertical 
than  in  the  horizontal  position,  the  difference  being  even  more  striking 
than  in  the  ordinary  forms  of  heart  di.sease.  Few  clinicians  indeed  can 
concur  in  James  Mackenzie's  statement  that  the  presence  of  fluid  in 
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pericardium  does  not  give  rise  to  symptoms  of  circulatory  embarrassment. 
Fainting  spells  and  sudden  death  are  very  common,  occurring  when  the 
iMow  into  the  auricle  in  obstructed. 


I 


PHYSICAL    SIGNS. 

The  patients  are  usually  pale  and  weak  with  rapid  respirations.  The 
veins  of  the  neck  a  n  ti  e  x  t  j-  e  m  i  t  i  e  s  may  be  prominent 
(high  venous  pressure),  and  this  is  esix-oially  marked  when  the  intraperi- 
cardial  pressure  is  approaching  the  tlanger  point.  There  may  be  inspira- 
tory   distention  of  the  veins. 

Inspection  of  the  thorax  usually  shows  a  fulness  of  the  inter- 
spaces over  the  precordium,  and  frequently  a  very  diffuse  wavy  impulse 
which  is  lacking  in  the  definiteness  usually  seen  in  both  systolic  impulse 
and  systolic  retraction  over  antl  about  the  normal  or  enlarged  heart. 
Neither  this  nor  the  presence 
of  a  cardiac  pulsation  outside 
the  aj>ex  is  of  real  value  in 
establishing  the  diagnosis  of 
pericardial  effusion. 

Palpation,  as  a  rule,  reveals 
nothing  of  import ance,  except 
that  the  cardiac  impulse  ia 
usually   very   feeble  or  absent. 

Changes  in  Cardiac  Outline. 
—  The  pathognomonic  sign  is 
revealed  by  the  alteration 
of  dulness  on  percus- 
sion. Auenbrugger  in  his  first 
diagnostic  efforts  was  able  to 
demonstrate  a  great  increase  in 
cardiac  dulness  in  pericarditis 
with  effusion,  and  this  obser- 
vation was  confirmed  by  C'or- 
visart,  who  recognized  a  large 
area  of  Hatness  in  the  form  of  a  triangle  with  base  tlownward.  This, 
however,  was  also  encountered  in  numerous  cases  of  dilated  heart  and 
led  to  many  errors  in  diagnosis,  until  T.  M.  Rotch,  of  Boston,  in  1S7S, 
demonstrated  that  flatness  was  present  in  the  fifth  right 
interspace  early  in  the  disease  and  constituted  an  almost  diagnos- 
tic feature.  He  was  able  to  prove  this  upon  the  cadaver  by  injecting 
various  quantities  of  cocoa  butter  into  the  pericardial  cavity.  Flat- 
ness in  the  fifth  right  interspace  appeared  whenever  more 
than  200  c.c.  of  cocoa  butter  had  been  injected.  Less  than  200  c.c. 
could  not  be  recognized. 

Rotch's  observations  were  confirmed  by  W.  Ebstein  in  1893,  who 
laid  stress  upon  the  obtusenesa  of  the  angle  formed  by  cardiac  and  liver 
dulness  (cardio hepatic  angle).  This  dulness  is  particularly 
marked  when  the  patient  leans  forward  and  toward  the  right,  so  that  the 


Fia.  282. — Ar«  of  cardiac  dulnm  from  p<?rioardial 
i<(Tu?iuit,  showing  C7<»rv'i!>art'fi  trJanKular  area  of  <lulneM) 
and  Sihaou's  pcar-«iliaped  artsa  of  flatnM«:  Rotch 'm  area 
of  duluen  {R)  in  the  fifth  riicht  iotcnpace;  Ebatein'a 
obtiwe  cardiohepatic  angle  iEB). 
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fluid  gravitates  to  this  point.  The  right  border  of  an  enlarged 
the  other  hand,  always  forma  an  acute,  or  at  most  a  right,  angle  with  the 
liver  flatness,  and  flatness  rarely  extends  to  the  fifth  right  int-erapaee, 
being  most  marketl  in  the  fourth.  The  matter  has  been  still  further  iuvesti- 
gated  by  Apoili  and  Figaroli,  who  found  that  with  the  subject  in  the  ver- 
tical position  as  little  as  150  c.c.  of  fluid  showed  itself  by  pushing  the  area 
of  diiiness  tlownward  and  outward  at  both  its  lower  angles — at  both  eardio- 
hepaiic  angle  and  at  the  apex.    The  lower  border  of  flatness  is,  therefore, 

arch  with  concavity  downwards  which  had  already  been 
'scribed  by  Concato.  When  more  fluid  collects,  the  pericar- 
dium l)ecomea  more  tense,  all  the  surfaces  become  convex,  and  Concato 's 
arch  disa{>]>eai"s.  As  a  diagnostic  sign  the  variations  in  dulness  about  the 
apex  are  much  less  definite  than  in  the  fifth  right  interspace,  and  hence 
they  are  of  little  importance. 

At  the  upper  border  of  dulness  the  usual  slight  reeonance  behind  the 
sternum  gives  way  to  a  tongue  of  absolute  flatness  when  the  exudate  ia 
large,  so  that  the  d  u  1  ne  s  s  assumes  the  form  of  a  pear  hang- 
ing from  its  stalk  (Stbson). 

Moreover,  the  pericardium  presses  upon  the  lungs  about  its  borders, 
causes  them  to  relax  and  give  rise  to  S k o d a i c  tympany  and  tubu- 
lar breathing  nbt  only  in  front  but  also  at  the  angle  of  the 
left  scapula  (Ewart.)  Flatness  may  also  be  observed 
over  the  spines  of  the  vertebrae,  especially  from  the  fifth 
to  the  tenth,  where,  as  found  by  Koranyi,  the  note  is  normally  resonant. 
This  sign  may  also  be  present  when  the  left  auricle  is  greatly  dilated,  as 
in  mitral  insufficiency. 

Position  of  the  Heart  in  Pericardial  Effusion. — The  signs  on  auscultation 
maj"  vary.  Mont  commonly,  us  found  by  Pirogoff  and  subsequent  writers, 
the  heart  sinks  in  the  pericardial  fluid  and  comes  to  lie  against  the  vertebral 
column  and  away  from  the  chest  wall,  from  wliich  it  is  separated  by  a 
thick  layer  of  fluid.  This  fluid  muffles  the  heart  sounds,  which  may  be 
totally  absent,  diaapiiearing  first  about  the  apex,  later  at  the  base. 
Aporti  and  Figaroli  have  shown  that  with  650  c.c.  of  exudate  a  very 
small  area  of  heart  wall  near  the  base  will  still  remain  free  from  fluid,  and 
over  this  the  heart  sounds  and  friction  rub  may  be  heard. 

On  the  other  hantl,  the  heart,  sounds  and  friction  may  persist  even 
when  a  large  amount  of  fluid  is  present,  as  in  the  ca.se  reported  below,  in 
which  the  jDericardium  contained  1200  c.c.  of  fluid.  The  sounds  were  faint 
at  the  apex,  but  became  more  distinct  as  the  base  was  approached,  where 
the  friction  was  also  well  heard.  An  aspirating  needle  introduced  in  the 
sixth  left  interspace  came  at  once  against  the  heart.  At  autopsy  the  heart 
was  found  lying  against  the  chest  wall.  This  anterior  position,  though 
not  the  usual  one,  is,  according  to  Schaposchnikoff,  often  assumed  by  the 
heart  of  a  cadaver  when  fluid  or  paraffin  is  injected  into  the  pericardium. 
SchaposchnikoiT  believes  that  the  heart,  is  held  in  this  position  in  spite  of 
the  force  of  gravity  by  the  elasticity  of  the  great  vessels. 

Abdomen. — The  liver  may  be  both  enlarged  from  the  venous  stasis 
and  pushed  down  by  the  pericardial  effusion,  so  that  its  lower  edge  is  fre- 
quently palpable,  sometimes  even  as  low  as  the  umbilicus.     The 
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may  also  be  somewhat  enlarged.  Aficitcs  and  niovabl'  dulncss  are  some- 
times present. 

Over  the  extremities  the  veins  may  apiM-ar  distended,  and  there  in 
often  cedema. 

Blood-pressure. — The  blood-pressure  in  usually  rather  low,  except  in 
the  cases  with  nephritis,  in  which  it  may  be  above  normal. 

The  pulse  is  usually  small,  fi'equently  collapsing;,  and  often  of  the  type 
of  pulsus  paradoxus — fall  of  blood-pressure  tluring  inspiration,  with  de- 
crease in  the  size  and  frequency  of  the  puKse,  and,  on  the  other  hand,  inspi- 
ratory swelling  of  the  veins.  This  condition  is  due  to  traction  on  the  walls 
of  the  vena  cava  producing  stasis  during  inspiration. 
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^B  Fia.  283. — Fosi lion?  of  thp  heart  in  p«irimrditis  with  effiuion.     I.  The  fluid  la  in  front  of  the  heart, 

I  IM  dmcribed  by  Pirocoflf.     II.  The  heart  in  floated  xip  aicainst  the  chMt  wall,  an  dmcribed  by  Schapotivfani* 

kofT,    ST,  Htemtim;    OE,  ctMipha«:ufl;   PV,  pulmonary  v(j'm«;    g.  eighth  thomcic  vertebra.     The  arrows 

indicate  the  compression  of  the  auricles.    The  bn>krn  line  imlirate-o  itie  oulline  of  the  unooUapved  auride. 


X-ray  Exantination. — Examination  with  the  f!uoroscope  shows  the 
exact  size,  form,  and  position  of  the  effusion  (Fig.  283),  and  both  before 
and  after  paracentesis  may  be  of  jt^reat  help  in  locating  pockets  of  encapsu- 
lated fluid.  The  relations  to  the  diaphragm  and  the  presence  of  mediastinal 
adhesions  may  sometimes  be  diagnosed  by  this  means,  and  particularly 
by  means  of  permanent  ratliographs  matle  with  a  tube  of  low  vacuum. 
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Case  of  PERicARDina  with  EKKir»io.v. 

The  following  typical  cfl.se  was  iirnler  the  writer'K  care  in  the  JohriR  Hopkins  Hospital, 
It  ha«  bpcn  previously  reported  in  considerable  detail  by  Profe««or  Thaytr. 

R.  C  W.  B.,  a  CSennan  suloon-koefwr,  jiged  o^.i,  wiu?  brought  to  the  hoapital  at  12.30 
P.M.  on  Sept.  1,  lOO:^,  bu  rely  able  to  spak.  owing  to  shortness  of  breath  and 
w  c  a  k  n  e  s  .s .  He  was  too  ill  to  give  a  history,  except  for  the  statement  f hat  for  se\'eral 
y^-ars  he  had  Irt-cn  troublejl  with  flht>rtue.*»8  of  breath,  which  luvn  gradually  increased  until 
the  past  few  days,  when  it  surldenly  became  very  much  aggravatetl. 

Examination  not'C  by  Dr.  Colo  waa  a**  follows:  Patient  is  a  moderately  well-nourished 
man,  muscles  flabby.  At  time  of  ihe  examination  he  m  lying  flat  with  head  slightly  propped 
nj>  and  looks  very  ill.  Re.<tpiration  40  per  minute.  Pupils  art?  stnall,  react  readily  to  light. 
Tongue  t\ry,  slightly  coated.  Xo  marke«l  pyorrhtva;  teeth  not  good.  Veins  of  the 
neck  are  very  full;  no  marked  pulsation  of  the  deei>er  vesnels.  No  general  glandular 
enlargement.  Chest:  Expansion  fairly  good;  etpial;  considerable  respiratorj' distress. 
Resonant  throughout  right  front  and  axilla  and  left  upper  front,  but  note  is  marke<liy 
impaired  in  lower  left  axilla  and  at  lower  right  back,  uuich  more  markedly  in  lower  left 
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back  up  to  the  angle  of  the  scapula.    On   auscultation  . — Left:  Breath  Etoiinds  are  1 
clear  throughout  (jpper  frout  and  upper  back  except  for  a  few  mucoua  rfiles  in  interecapuiar  \ 
space.    Below  they  arc  very  dietani,  practically  absent  at  the  extreme  base,  except  ju«t 
at  the   angle  of   the   scapula,    where   they   are   a   little    harsher   (Ewart*a  j 
sign).     Right  side:  Breath  sounds  are  quite  clear  throughout  except  in  the  lower  back 
where  there  are  nuicoup  rfiles  and  l»r«ath  soun<ls  are  distant. 

Heart. — There  is  no  impulse  visible  or  palpable.  There  is  a  wide  area 
of  cardiac  ij  u  I  n  e  s  s  exten«ling  above  to  the  middle  of  the  third  rib  16.5  cm. 
t^  the  left  of  the  uiidliue  in  the  fifth  interapace  when  the  patient  lies  on  his  right  side. 
When  on  hia  back,  however,  the  duhiess  is  difficult  to  make  out,  as  it  extends  directly  to 

the  dulneas  in  the  tt.xilla.  On  the  right 
dulness  extends  apparently  7  cm.  to 
the  r  i  g  h  t  of  the  midhne  in  the  fourth 
interspace.  The  angle  between  the  upper 
Uinit  of  liver  dulnesa  and  the  cardiac  diU- 
ness  is  very  o  h  I  u  s  e  .  There  is  quite 
definite  precordial  bulging,  though 
the  intercostal  spaces  seem  no  fuller  than 
on  the  n^lsl.  At  the  apex  and  over  the 
entire  precordium  the  heart  .sounds 
are  barely  audible  until  one  reaches 
almost  to  the  costal  margin  in  the  fourth 
and  fifth  left  interspace,  where  the  sounds 
are  heard  faintly  with  a  fv>-Hnd-fro  mtir- 
mtir,  which  ia  also  heard  over  the  sternum 
from  the  third  to  the  fifth  rib.  This 
murmur  is;  quite  euperficial  and 
is  louder  during  expiration  tlxan 
during  inspiration,  apparently  not  Increased 
hy  ]ires8Virc  of  the  stethoscojie.  It  sounda 
.su.spici(KiMly  pericardial  in  charac- 
tor,  but  not  definitely  so.  The  heart's 
act  ion  iH  almost  fetid  in  rhythm  (pulae- 
ratc  138  j>er  minute).  Heart  sounds  are 
heard  more  loudly  in  the  second  left  inter- 
space; neither  aortic  mtr  pulmonic  second 
is  specially  accent uaietl.  PuUe  is  very 
a  in  a  I  1    and  can  hanlly  lie  counted. 

The  abdomen  is  full.  There  is  no 
movable  dulness  in  the  flanka.  The  feet 
and  legs  are  markedly  cedematoufi. 

At  5.45  P.M.  the  patient  was  prepared 
for  paracentesis  |)ericardii  by  the  method 
of  Delorme  and  Mignon  under  aseptic  precautions.  An  incision  was  made  in 
the  fifth  left  interspace  at  the  sternal  margin,  the  pericardiuni  ex- 
jjosed,  and  a  trocar  inserted  through  it.  By  means  of  a  Potain  aspirator  2i>-50  c.c.  of  thick 
Berosanguiueous  fluid  were  removed,  after  which  no  more  could  be  removed. 
Another  pimcture  was  immediately  made  in  the  costoxiphoid  angle  and  a  small  amount 
of  fluid  again  removed.  The  patient's  pulse  and  general  condition  did  not  change.  He 
became  delirious  and  diet!  at  7.:JU  p.m. 

The  autopsy  findings  confirmed  the  clinical  observ'ations.  There  were,  how- 
ever, s  t  i  1 1  12  00  c.c.  of  perica  rdial  fl  u  id  which  lay  beh  i  nd  the  heart 
both  to  the  left  and  to  the  right.  The  heart  lay  directly  against  the 
chest  wall,  and  therefore  had  come  againfit  the  jioint  of  the  needle  and  prevented  the 
removal  of  tire  fluid.  As  Dr.  Cole  remarketl  in  a  subHCtpient  note,  "the  fact  that  the  heart 
sounds  were  heard  loudest  over  the  sternum  and  along  the  left  sternal  margin  should  have 
led  me  to  insert  the  needle  either  to  the  right  of  the  sternum  or  far  to  the  left — outside  the 
mammillary  line"  {preferably  the  latter).  The  pericanJium  was  lined  with  a  yellow 
fibrinous    exudate.      The  heart  musrle  showed  cardioecleroeis.     The   oonciDary 


Fio.  284. — Riidiograph  of  a  patient  with  pericar- 
dial eiTuftiiin.  tJikt'ii  witli  the  tube  in  front  of  Hie 
patient.  iKiiidneAM  of  Pruf.  C  M.  roop«r.)  The 
figure  «hriw*  the  overflfjwing  of  the  perimnlial  rav- 
it)'.  Th»  apots  over  th«  vurface  of  the  lutiga  are 
arl'^ractti  due  to  the  prenence  of  air-bubbles  in  the 
developer. 
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arteries  ^rere  tortuous.  Hicrc  were  thickemn^  of  the  aortic  va]ve«  and  adhesions  of  the 
cuspe,  which  gave  rise  to  slight  aortic  pstenosin.  The  left  pleura  contained  7lX>  c.e.  of  slightly 
turbid  straw-colored  fluid.  Both  lunges  contained  small  ureas  of  tuberciJous  broncho- 
pneumonia. 

PURULENT  PERICARDITIS. 

The  effusion  in  many  cases  is  purulent  and  associated  with  more  or 
less  severe  septic  symptoms,  septicit^mia,  chills,  extreme  pallor  and  weak- 
ness, and,  as  a  rule,  a  septic  fever,  though  in  some  cases  the  temperature 
remains  normal. 

The  condition  may  follow  exposure  to  bad  weather,  empyema,  or 
trauma  to  either  the  front,  sides,  or  back  of  the  chest.  The  staphylococci, 
streptococci,  pneumococci,  gonococci,  and  a  great  variety  of  other  bacteria 
may  be  the  infective  ageuis. 

The  symptoms  and  physical  signs  are  ver>'  similar  in  both  simple 
and  purulent  effusions.  The  history  of  trauma  and  the  presence  of  empyema 
or  other  foci  of  pus  speak  in  favor  of  a  purulent  effusion,  Leucoc}losis 
may  be  present  in  both  conditions.  The  aspirating  syringe  usually  gives 
the  diagnosis. 

m^DROPERIC.\RDIUM. 

Hydropericardium,  or  simple  serous  effusion  into  the  pericardium, 
may  occur  along  with  ascites,  hydrothorax,  and  general  anasarca  in  chronic 
heart  failure  or  in  nephritis,  or  it  may  occur  alone  as  a  result  of  local  venous 
stasis  from  the  pressure  of  mediastinal  growths,  glands,  or  aneurisms,  or 
from  strangulation  of  the  veins  by  adhesions.  In  this  case  an  afebrile 
course  is  run.  Leucocytosis  is  often  absent  (or  may  be  due  to  simultaneous 
bronchitis  or  bronchopneumonia),  and  the  diagnosis  rests  upon  the  signs 
of  the  intrathoracic  condition  which  is  the  causal  factor. 

The  differential  diagnosis  is  made  from  the  fluid  obtained  on  par^ 
centesis,  which  is  clear,  thin,  serous,  of  low  specific  gravity  (under  1018), 
and  gives  no  clouding  with  acetic  acid  indicative  of  nucleo-albumin.  It 
is  poor  in  leucocytes  and  fibrin  ferment,  and  there  is  not  much  albumin 
(shown  by  Esbach's  method).  The  pre.sence  of  a  pericardial  friction  at 
any  time  during  the  course  of  the  disease  is  sufficient  to  exclude  a  simple 
hydropericardium. 

H.EMOPERTCARDIUM. 

Hfemopericardium  is  produced  by  the  effusion  of  pure  or  almost  pure 
blood  into  the  pericardium,  and  occurs  especially  as  a  result  of  direct  or 
indirect  trauma,  stab  or  gunshot  wounds  penetrating  the  cavity,  or  rupture 
of  the  heart  or  of  an  aneurism.  It  may  also  occur  from  erosion  of  a  blood- 
vessel by  a  malignant  growth. 

Hemorrhage  into  the  pericardium  takes  place  much  more  rapidly 
than  the  other  exudations,  so  that  the  pericanlium  has  less  opportunity 
to  stretch  and  accommotlate  itself  to  its  contents.  The  intrapericardial 
pressure,  therefore,  rises  more  rapidly  than  in  the  other  conditions,  and 
symptoms,  signs,  and  danger  develop  more  rapidly.  Death  may  occur 
at  once.  When  possible  operative  procedures  must  be  begun  promptly 
in  order  to  save  the  patient. 
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PXEUMOPERICARDIITM. 

When  air  or  gas  enters  or  develops  within  the  pericardial  cavity  (as 
from  perforation  after  trauma  or  tuberculosis  or  infection  with  Bacillus 
aerogenes  capsulatiis  W'elchii  in  a  case  reported  by  NichoUs),  the  conditioni^^ 
is  termed  pneumopericardium.     Usually  this  is  associated  with  the  pre»^| 
ence  of  purulent  or  «erous  fluid  (pyopneumopecicardium,  pneumohydro- 
pericardium).    Since  there  is  normally  a  negative  pressure  ( — 3  to  ™o  mm. 
Hg)  within  the  cavity,  it  follows  that  air  will  enter,  just  as  into  the  thoraa 
(pneumothorax),  whenever  there  is  a  free  ]:>erforation  to  the  outside  or 
the  air-passagee.    This  is  most  frequent  m  perforating  wounds,  but  occa 
sionally  occurs  as  the  result  of  tuberculosis  or  perforation  of  a  puruleni 
pericarditis. 

The  signs  of  pneumoijcricarditis  are  verj'  characteristic.  The  |>ercu8- 
siou  note  over  the  cardiac  ai-ea  ma}'  vary  from  a  b  e  1 1  - 1  i  k  e  tympany 
to  an  absolutely  wooden  flatness,  or  when  there  is  an  open- 
ing of  medium  size  a  cracked-pot  note  may  be  heard.  With  a  free  comnmni- 
eatiou  to  the  outside  such  as  i-esults  from  operation  upon  the  pericardium, 
however,  the  air  within  the  pericardium  is  not  set  into  vibration  by  the 
percussion  stroke  and  does  not  alter  the  note  at  all.  ^ 

On  auscultation,  except  in  the  latter  condition ^  a  loud  c  h  u  r  n  i  n  gH 
*  *  m  i  1 1  -  w  h  e  e  1 ' '  murmur  is  heard,  but  when  the  communication  is  a  free" 
one  this  may  be  totally  absent. 


TUBERCULOUS  PERICARDITIS. 
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Tuberculous  pericarditis  is  a  common  and  severe  condition, 
fibrinous  stage  is  somewhat  more  chronic  than  in  the  other  forms  of  peri- 
carditis, lasting  several  weeks  or  months,  and  often  resulting  in  the  forma-j 
tion  of  deposits  of  fibrin  (Fig.  256)  an  inch  in  thickne.ss,  with  or  without 
the  presence  of  fluid.    Gray  tuljercles  of  various  size  may  be  visible  within 
anil  upon  the  surface  of  the  exudate,  but  frequently  they  may  not  be  pres- 
ent,  and  the  bacitii  must  be  sought  for  histologically  or  by  guinea-pig^ 
inoculation.  ^M 

The  fluid  in  pericardial  effusion  is  frequently  blood  stained.     It  ia^^ 
occasionally  purulent  (Kasl).    Tuberculous  pericarditis  is  most  commtonly 
associated   with   other  tuberculous   processes,   especially   involvement   of 
the  pleura.',  but  it  may  also  occur  as  a  '*  primaiy  "  manifestation  by  spreading  , 
from  caseous  mediastinal  lymph-glands. 

The   course,   though  more   chronic   than  other  pericardial  processes,! 
is  quite  similar,  but  the  exudate  is  not  absorl>ed  completely  and  goes  on ' 
to  either  fluid  or  adhesive  pericartUtis.    Frequently  l.ioth  conditions  occur 
and  encapsulated  effusiona  resuk.     There  is  usually  a  considerable  rise  of 
afternoon  temperature. 

The  physical  signs  and  therapy  of  tuberculous  pericarditis  are  about 
the  same  as  in  the  other  forma,  plus  the  general  management  of  a  case  of 
tul>erculosis — rest,  fresh  air,  very  liberal  diet  (when  cardiac  symptoms  have 
subsidedj,  and  sustaining  measures.    The  prognosis  is  bad. 
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TREATltfENT  OF  PERICARDITIS  WITH  EFFUSION. 

Palliative  treatment  of  fluid  within  the  pericardiom  must  be  limited 
to  the  periods  in  which  intnipericanhal  pres.siire  is  well  below  the  range 
of  venous  pres.siire,  and  must  be  pursued  with  full  cagmzance  of  the  fact 
that  death  may  ensue  whenever  the  pressure  exceeds  this  limit. 

The  palliative  measures  consist  of  counterirritation,  with  ice-bag  or 
poultices,  etc.,  blisters,  and  especially  application  of  Bier's  suction  cups 
or  leeches.  Diuretics, — theocin,  tliuretin, — combined  with  digitalis  or 
strophanthuH,  aiul  free  purgation  may  be  resorted  to,  and  the  liquid  intake 
restricted  to  below  1000  c.c.  per  day,  in  the  hope  of  reducing  the  pericardial 
fluid  by  these  means.  However,  these  methods  are  at  best  but  feeble 
palliatives,  and  often  more  risk  is  entailed  in  their  use  than  in  the  more 
ra<Ucal  procedures. 

Paracentesis  Pericardii. — 'The  idea  of  removing  fluid  within  by  tapping 
the  penciirdiuTu  was  lirst  suggested  in  1646  by  Riolan,  who  advised  tre- 
phining the  sternum  one  inch  above  the  xiphoid.'  He  did  not  attempt, 
however,  to  carry  it  out,  and  the  first  operation  upon  the  pericardium  was 
performed  in  1819  by  Romero,  of  Barcelona.  Romero  operated  upon  three 
cases  of  pericarditis,  with  two  recoveries,  a  ])ercentage  which  is  above  the 
average  even  for  the  present  day.- 

Puncture  of  the  i)ericardium  by  means  of  a  trocar  was  first  pjerformed 
by  Jowett,  of  Nottingham,  in  1S27.  It  was  brought  into  more  general 
repute  by  Schuh,  of  Vienna,  under  Skoda's  direction  (1839),  in  France 
by  Trousseau  (1S54)  and  by  Aran  (1855),  and  in  England  by  Clifford 
AUbutt  (1866).  Paracentesis  pericardii  should,  of  course,  be  undertaken 
with  all  possible  asepsis  of  skin,  hands,  and  instruments. 

The  instrument  used  has  varied  from  a  thick  trocar  several  niillimetres  in  diameter 
to  the  finest  aspirating  needle.  Ttie  ideal  cajinula  is  one  which  hn»  a  bore  (about  1  mm.) 
suffiejenl  to  al)ow  a  viBcotis  Ii((uid  to  <»ca|)e  easily,  an<i  ye»  not  »o  ju^reat  us  to  (wrtriit  the 
entrance  of  air  through  the  perforation.  A  trocar  and  cannula,  especially  one  ending  in 
a  T  and  stopMrock,  is  the  best  form  of  apparatup,  since  it  j^rmit*  the  ofierator  to  clear  the 
lumen  of  tlie  cannula  at  will  and  at  the  same  time  to  remove  the  fltiid  by  suction  through 
an  aspirating  bottle,' 

Various  sit-es  for  the  paracentesis  are  recommended,  with  four  ends 
in  view: 

1.  To  obtain  the  fluid. 

2.  To  avoiil  infecting  the  pleural  cavity  and  puncturing  the  lungs. 

3.  To  avoid  puncturing  the  heart. 

4.  To  avoid  injuring  the  internal  mammary  artery. 

'  "  ^*i  non  passis  exhaurire  iatud  serum  per  hydragoga,  lic€t  ne  terebra  aternum  aperire, 
intervttllo  pallicta  a  cartUagine  xiphoide." 

'It  is  iiitere.Htiiig  that  this  method  haa  recently  been  advocated  by  J.  H.  Bacon  (A 
Procedure  for  Ojjening  the  Pericanlium,  Am.  J.  M.  8c.,  Phila.  and  N.  York,  1905,  exxx, 
652)  aa  a  reault  of  a  sericB  of  experiments  upon  the  cadaver-  Bacon  does  not  mention  the 
work  of  these  pioneer  surgeons. 

'Dr.  ("has.  .S.  Bond  has  found  a  curved  aspirating  needle  with  lumen  about 
1  mm.  in  diameter  very  useful  in  tapping  the  pericardium  when  the  fluid  lies  hack  or  is 
encapsulated.  The  needle  which  he  uses  haa  a  rjidius  of  about  10  crn.  following  the  curve 
of  the  heart  and  enabling  him  to  pafi«  around  the  latter  without  injuring  it.  The  flanger 
of  entering  the  veiUricle  by  a  straight  push  is  also  much  !csb  with  an  instnmieut  of  this  form. 
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Sites  for  Paracentesis. — Trousseau  (1854)  recommendeil  introducing  tlje  necdJe  in  the 
fourth  interspace  just  below  the  niamniiUa;  Djeulufoy  (187^)  in  the  fifth  about  «ix  centi- 
mctreti  from  the  Htental  margin.  Puncture  at  these  sites  or  at  the  outer  bonier  of  abeolute 
dulness  (flatness)  has  the  disadvantage  of  always  traversing  and  often  infecting  the  pleural 
cavity,  so  that  occasionally  the  patient  may  be  caused  gratuitous  empyema  or  even  a  fatal 
pneumonia. 

In  order  to  avoid  entennjf  the  pleural  cavity,  Baizeau  (18G8)  and  Delornie  and  Mignon 
advocate  puncturing  the  pericardium  as  near  as  posaible  to  the 
sternal  margin  in  the  fifth,  or  if  possible  the  sixth,  left  inter- 
space. In  order  to  render  the  procedure  more  certain,  the  latter  investigators  advise 
making  an  incision  through  the  skin  with  a  bistoury.  The  needle  (of  medium  diameter) 
is  then  introduee<l  into  the  sixth  interspace  if  possible,  and  otherwise  into  the  fifth  along 
the  edge  of  the  sternum,  pufihed  in  for  a  centimetre  or  two.  mid  then  the  point  directed 

downward  and  inwani  by  a  slow  con- 
tinuous   movement    until    the    li(]uid 
emerges.    In  order  to  empty  the  peri- 
cardial   cavity  the   needle   should    l»e 
connected  with  an  aspirator  bottle  and 
the   rtuid  collected    by  gentle   a&piia- 
tioii.'    When  the  instrument  is  itiserte*! 
slowly   in   the   mamier  described,  the 
ri.sk  of  injuring  the  heart  (right  ve^i- 
tricle)  is  minimal,  for  the  beating  of 
the  latter  against  the  point  can  he  felt 
a.s   soon   as    it   is    touched   and    long 
liefore  it  can  be  penetrated.    Evqn 
if   through   lack  of  care   the 
right    ventricle    be   penetrated, 
harm     rarely     results.      For  J 
example,   Hiilke    mentions    a  case  iaj 
which  he  penetrated  the  right  ventricle! 
and  a  few  jet«  of  bloo<J  spurteii  out.f 
but  the  patient's  condition  improved!] 
and  he  cites  several  other  similar  cuaes.  [ 
Only  one  case  of  death  (from  lacerutioit-l 
of  the   right   ventricle)  due  to    para-l 
centesia  is  on  record  (West).    Unques- ' 
tionably  when  all  goes  well  the  technic  of  Delomie  and  Mignon  is  the  most  satisfactory, 
since  the  danger  of  injuring  both  heart  and  pleura  is  minimal.    On  the  other  hand,  the^ 
chance  of  a  "dry  puncture"  is  great.    .A.t  the  place  selected  the  jxiint  of  the  needle  may| 
penetrate  a  great  deal  of  dense  fibroiis  tissue  and  even  periosteum  and  the  lumen  may  thus 
l>ecome  plugge<l.    Should  the  (lui(i  not  ap|iear,  this  source  of  error  may  Ije  obviated  by 
carefully  inserting  a  wire  through  the  whole  length  of  the  needle  after  it  has  been  pushed 
into  the  cavity  ami  then  withdrawing  the  wire.    .\j»(ther  difficulty  may  he  in  the  fxwition 
of  the  heart  itself,  as  occurretl  in  the  uljove-mentioned  case  of  the  writer's,  in  which  the 
heart  instead  of  lying  behind  the  fluid  lay  directly  against  the  chest  wall  in  the  [xisition 
descriljcd  by  8chaposchnikofT.    \\lien  the  nee«lle  wiis  iritrwiuced  by  Dr.  Cole,  it  encountered 
the  heart  at  once,  ami  the  rubbing  of  the  hitter  iXgaiiLst  the  {joint  could  be  readily  felt. 
This  might  have  been  prophesied  from  the  fact  that  the  heart  soumls  were  well  heard  o\-Ter 
the  precordiuni.    With  the  exception  of  a  few  cubic  centimetres  of  clear  fluid  the  puncture 
wa«  a  dr>'  one,  in  spite  of  several  succejwi\e  insertions  of  the  needle  both  at  this  point  and 
in  the  costoxiphoid  angle.    The  patient's  condition  became  ver>'  bad.  and  he  died  before  a 
second  paracentesis  could  be  undertaken.    Autopsy  showed  the  heart  lying  directly  against  , 
the  chest  wall  with  1200  ex.  of  Huid  above  and  to  the  left.    In  this  cajse,  as  tn  all  those  in 
which  the  heart  sounds  and  pericardial  friction  are  well  heard  at  the  time  of  paracenteBia, 

'  Sewall,  J.  Am.  M.  Asso.,  Chicago,  1909,  advises  laspiraling  the  fluid  into  the  aspirator 
bottle  by  sucking  out  the  air  with  the  mouth  instead  of  with  a  mechanical  aspirator.  The 
procedure  b  simpler  and  mistakes  and  failures  of  the  pump  are  impossible. 


4 
4 


Fm.  285. — Sites  for  pamcentwiB  pericardii  and  iieri- 
carditomy.  Ht,  Itiolan  (l(}4(l.i.  trephining  the  slemucii; 
D  it  M.  Delonuo  and  MigDuu  (1895).  paraceiiit«^i»: 
Ji.  llomcro  ()8U>),  pericar<lintcnny;  E,  v.  Ei»el»berg'» 
pericnrdiolomy;  Tr,  TroUMteau  (1854);  Hi,  EHeuliifoy 
(18731.  paraceutesis;    W,  West,  pericardiotomy   U883). 
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it  would  have  been  better  to  have  mtmduced  the  needle  at  the  outer  border  of  cardiac  flat- 
ness in  apite  of  puncturing  the  pleura,  and  to  Lave  risked  empyema  to  save  the  patient. 

Curachmann  advocates  puncture  from  tlie  pwaterior  lateral  area  of  cardiac  flatneaa 
and  Meog  (Therap.  Mouatshefte,  1914,  xviil,  430j  was  able  to  record  600  c.c.  of  fluid  by  this 
method  when  fjrevioos  anterior  punctures  had  been  dr\\ 

Drainage  of  the  Pericardium. — Prof.  Pearson,  of  Cork,  punctures  the  pericardium, 
with  a  large  trocar,  withdraws,  and  then  introducea  a  fine  rubber 
catheter  into  the  pericardial  (jaivity  through  the  cannula.  The  rublier  catheter  follows 
the  curvea  of  the  pericardium  without  danger  of  rupturing  it,  and  thus  enables  hiin  to  reach 
exudates  which,  as  in  the  case  of  R.  C.  W.  B.  cited  above,  are  located  liehind  the  heiut. 
He  also  withdraws  the  metal  tube  and  leaves  the  nibber  tube  in  place  as  a  pennanent  drain 
for  several  days  at  a  time,  and  statea  that  in  this  way  he  has  been  able  to  cure  a  number  of 
stubborn  cases  of  chronic  pericarditis  with  effusion  which  had  resisted  all  other  methods 
of  treatment. 

The  fact  cannot  Iw  too  greatly  emphasized  that  ca.ses  with  pericardial  effusion  are 
usually  desperate  cases,  and  the  duid  should  be  gotten  out  at  all  hazards. 


Resection. — As  has  been  seen,  paracentesis  pericardii,  even  in  cases 
of  simple  serous  pericarditis,  may  be  far  from  satiafactory.  lu  purulent 
pericarditis  and  ho?mo-  and  pneumopericardium  it  is  still  less  so.  In  such 
cases  paracentesis  ia  inadequate  and  the  pericardium  must  be  opened 
freely.  Radical  as  this  procedure  may  seem,  its  satisfactory  performance 
by  Romero  antedates  paracentesis.  Romero  made  an  incision  in  the  fifth 
intercostal  space  at  the  level  of  the  costochondrnl  articulation,  introduced 
his  finger  into  the  wound,  palpated  the  pericardium  with  his  finger,  and 
then  seized  it  with  forceps  and  opened  it  with  curved  scissors.  The  opera- 
tion is  best  performed  under  light  chloroform  ansesthesia.  Though  this 
must  be  carefully  administered  on  account  of  the  cardiac  weakness,  it  is  a 
significant  fact  that  most  of  the  patients  have  stood  the  anjcsthetic  well. 

The  site  for  free  incision  has  varied  with  different  operators.  Rosen- 
stein  made  a  free  incision  in  the  fourth  left  interspace  close  to  the  stenium 
and  then  inserted  a  rubber-tube  drain.  West  operated  in  the  fifth  left 
interspace  in  the  nipple  line,  having  previously  introduced  an  aspirating 
needle,  which  he  used  as  tlireclor  for  a  long  narrow-bladed  sharp-pointed 
bistour}',  subsequently  enlarging  the  opening  with  a  prot>e-pointed  bistoury. 
V.  EiseU)erg  resected  the  fourth  costal  caitilage  and  then  opened  the  peri- 
cardium. Delorme  and  Mignon  perform  what  ia  probably  the  least  danger- 
ous and  most  satisfactorj"  operation.  They  disarticulate  the  fifth  and  sixth 
costal  cartilages  from  the  sternum  with  a  pointed  bistoury,  draw  them 
forward  one  by  one,  and  fracture  them  about  4  cm.  from  the  sternum. 
They  then  tliasect  down  to  the  pericardium,  which  they  pull  forward  with 
forceps,  and  then  slit  it  up  with  scissors  for  several  centimetres. 

Many  observers,  from  Aran  to  the  present,  supplement  the  simple 
drainage  with  irrigation  of  the  pericardium.  Aran  injected 
a  dilute  tincture  of  iodine  at  100°,  a  procedure  which  in  his  case  (though  not 
in  all  others)  did  not  cause  pain;  West  used  warm  1  per  cent,  carbolic 
acid;  others  used  simple  salt  solution.  The  importance  of  irrigation  can- 
not be  too  freely  emphasized,  since  the  treatment  should  aim  not  only  at 
recovery  but  also  at  reducing  the  exudate  and  the  resulting  adhesions  to 
a  minimum, 

Delorme  and  Mignon  operated  upon  all  forms  of  pericardial  effusions. 
Their  conclusions  are  summed  up  in  the  following;     "100  observationa 
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— 82  paracentesis,  18  incision:  82  paracentesis — mortality  65  per  cent.; 
18  incisions — mortality  38  per  cent.  Let  us  do  for  the  pericarcQum  what 
we  have  done  for  the  peritoneum." 

The  relative  merits  of  palliative  therapy,  paracentesis,  and  free  incision 
are  well  shown  in  West's  case  of  purulent  pericarditis : 

A  van  boy,  aged  16,  was  struck  in  the  back  by  a  truck  and  knocked  down.  No  sjonp- 
toms  for  two  months,  then  shivering  and  pain  in  the  left  side  and  precordium.  Pain  sub- 
sided in  a  few  days.  Three  weeks  later  he  went  out  for  a  short  walk;  became  very  faint 
and  almost  fell  down.  Pain  seized  him  in  the  pit  of  the  stomach.  Became  cyanotic,  dys- 
pnceic,  and  nauseated.  Admitted  Sept.  7.  Pulse  78;  paradoxic,  losing  12-3  beats  at  each 
inspiration.  Precordial  bulging  and  oedema.  Dulness  from  right  nipple  line  to  three  inches 
outside  left  nipple  line.  Cardiac  sounds  almost  inaudible.  Liver  pushed  down  and  fdt  in 
epigastrium.    Slight  oedema  of  feet. 

Twelve  leeches  applied  to  the  precordium  followed  by  poul- 
tices.   Palliative  treatment  for  a  week.    Pulse  and  general  condition  feebler. 

Sept,  14.  Paracentesis  pericardi i — fourth  left  interspace  below  nipple; 
90  c.c.  1  per  cent,  carbolic  acid  at  100**  then  introduced  through  the  needle  and  used  to 
wash  out  pericardial  cavity.    No  pain.    Patient  much  relieved. 

Sept.  17.  Patient's  condition  again  bad.  Paracentesis  fails  to  remove  fluid.  Free 
incision  under  chloroform,  as  above  described,  in  fifth  left  interspace;  at  least 
two  quarts  of  pus   removed.     Immediate  improvement.    Uneventful  recovery. 

Left  hospital  Feb.  23,  and  the  following  September  was  perfectly  well  and  had  been 
following  his  usual  work  for  the  past  six  months  as  well  as  ever. 

Rosenstein's  case  and  those  of  Delorme  and  Mignon  show  similar 
results. 

West  gives  the  following  statistics  for  paracentesis : 

Number.  Recovery.  Death. 

Phthisis 

Rheumatic  fever 

Scurvy 

Pleurisy 

Injury 

Pneumonia 

General  dropsy: 

Morbus  cordis 

Nephritis 

Chronic  bronchitis 

Mediastinal  tumor 

Unassigned 

67  34  33 

In  spite  of  the  comparative  harmlessness  and  brilliant  results  obtained 
by  the  radical  operation  in  purulent  pericarditis,  it  is  not  probable  that 
this  procedure  can  be  extended  to  the  milder  exudates,  since,  just  as  in 
joints,  free  prolonged  drainage  is  followed  by  complete  obliteration  of  the 
cavity.  Irrigation  of  the  cavity  through  an  aspirating  needle  or  trocar, 
after  tapping,  is  possible  only  when  the  diameter  is  large  and  the  outflow 
is  a  free  one. 
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Fio.  280. — Specimen  obowing  thv  two  tkyen  of  pericardium  united  in  wime  part*  by  Iods  atraada 
and  ia  others  by  iihort  bands  of  denae  adheaiona.  (Fruai  a  tspecimeu  in  the  Araiy  Medical  Muaeutn, 
Washingt^Mi,  D.  C.> 

knits  the  two  surfaces  together  and  completely  obliterates  the  cavity.  All 
these  forms  may  be  present  in  different  areas  of  the  same  pericardium,  so 
that  the  process  need  not  be  considered  as  perfectly  homogeneous. 

Moreover,  not  only  the  adhesions  within  the  pericardium  but  particu- 
larly the  extrapericardial  adhesions  which  are  formed  simultaneously  on 
the  outer  surface,  are  of  clinical  importance,  since  it  is  the  latter  which 
form  the  tightest  lines  in  the  harness  and  determine  the  strain  upon  the 
heart.  As  shown  by  Manges'  case  cited  below,  complete  obliter- 
ation of  the  pericardial  cavity  may  cause  no  symptoma 
as  long  as  the  extrapericardial  adhesions  remain  unimportant. 


n 
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Fio.  287. — Sections  «liowinR  adherent  pericardium.  (Phototnicn>gruj>)is  hy  Dr.  C.  S.  Bond.) 
A.  S«eii  with  low  power.  B.  C^ame  specimen  utider  high  power.  C.  j^nulber  speciincn,  showing  the 
extreme  v»»eularity  ol  pericardial  lulheaions. 

Each  of  these  gives  rise  to  a  distinct  group  of  physical  signs;  and,  since 
these  may  occur  separately,  it  is  important  that  they  should  be  consid- 
ered 80. 

PATHOLOGICAL    PHYSIOLOGY. 

The  mechanical  effects  upon  the  circulation  due  to  pericardial  adhesions 
may  be  twofold:  1,  the  work  of  the  ventricle  is  increased  by  the  tug  upon 
the  adhesions;  2,  the  filling  of  the  heart  may  be  hintlered  by  strangulation 
of  the  vena  cava.  At  each  rontraction  the  heart  must  nut  only  drive  out 
the  blood,  but  must  pull  on  its  harness  of  a<lhesions.  The  additional  work 
which  it  thus  has  to   perform  depends  both  upon  the    tightness  of  the 
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aflhesioiis  and  upon   tlie  weight  or   rigidity   of  the   structures 
pulled.     The  latter  fat-tor  tlejMjnds  upon  the  position  of  the  adhesions,  j 
whether  it  is  the  ribs,  pleura,  mediastiuurn,  or  the  diaphragm  and  liver  that] 
are  tugged  upon,  being  greatest  for  adhesiootj  to  the  riba  and  diaphragm. 
3.  The  emptying  of  the  heart  anil  the  flow  through  the  aorta  may,  as] 
claimed  by  KusBmaul,  be  hindered  by  the  tugging  of  the  adhesions  upon  ' 
the  arch  of  the  aorta.    This  can  rca<lily  be  shown  experimentally  if  such 
traction  be  made  in  a  dog  whose  chest  has  l>een  opened.    The  pulse  may 
be  made  to  disappear  absolutely  in  spite  of  the  fact  that  the  heart  rate 
remains  unchanged  and  the  heart  dilates  from  overfilUug;  enough  blood 
flows  in  from  the  veuie  cavm  to  dilate  the  heart. 
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Fio.  288. — AnterioT  and  posterior  pericardial  atlhejtiiiii!<.  (Semi -schema tie.)  A.  Anterior  ttdh*' 
nonn  ibowing  the  ntutnpa  of  adlieiiiiuu!i  to  the  ribs.  B.  Mecliimtinal  JulheHinni?,  nhowing  a  side  view  of  tfaa 
heart.  PLE.  P.,  pleiim-iHirir&rdial  adheeioati;  C.  P.,  ooato-  (or  clioatlra)-|>ericArd>ml,  P,  P^  phreoo-pcri- 
cardial,  M.  P^  mcdiastiiKt-pericardial  iidbenoiis. 

When  this  additional  work  is  imposed  upon  a  heart  already  weak,  it 
may  succumb  to  the  strain,  and  death  may  occur  with  all  the  manifesta- 
tions of  broken  compensation.  The  importance  of  adherent  pericardium 
in  causing  death  from  heart  disease  is  shown  by  the  fact  that  it  was  present 
in  almost  all  the  cases  of  Sturges'  scries. 

Usually,  however,  the  ventricles  gradually  recover  from  the  strain  and 
eimply  undergo  a  gradual  work  hypertrophy  proportional  to  the  additional 
strain,  and  an  additional  amount  of  work  may  be  done  at  each  systole 
sufficient  to  balance  the  amount  required.  During  exercise,  emotion,  dis- 
ease, or  other  strains,  however,  not  only  the  work  of  the  heart  in  the  circu- 
lation is  increased,  but  with  the  increased  systolic  output  and  systolic 
excursion  of  the  walls  the  tug  upon  the  adhesions  is  increased  enormously, 
and  the  heart  ia  thus  readily  overstrained.  The  heavy  beating  of  the  heart 
under  emotional  excitement  is  especially  likely  to  bring  this  about. 

Moreover,  the  process  of  hypertrophy  is  not  a  pure  one.  With  the 
fibrosis  of  the  pericardial  atlhesiona  outward,  the  process  of  fibrosis  also 
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extends  inward  into  the  somewhat  injured  myocardium,  and  this  process 
goea  on  progressively  with  each,  moment  of  overstrain  until  the  myofibrosis 
cordis  is  advanced  and  the  heart  failure  complete. 

Thcj  site  of  the  adhesions  determines  not  only  the  degree  but  the  char- 
acter of  the  heart  failure.  If  the  densest  adhesions  are  over  the  left  ven- 
tricle, the  effect  is  to  inhibit  the  action  of  the  latter  alone.  Nature  performs 
the  experiment  of  Welch,  and  gives  rise  to  the  clinical  picture  of  broken 
pulmonar)'  compensation  with  dyspnoea,  cardiac  asthma,  or  puhiionary 
oedema. 

If  the  chief  adhesions  are  over  the  right  ventricle,  on  the  other  hand, 
broken  systemic  compensation  sets  in  with  venous  stasis,  tricuspid  insuf- 
ficiency, enlargement  of  the  liver,  and  collection  of  fluid  at  various  sites, 
but  particularly  in  the  peritoneal  cavity  (cf .  Pseudocirrhosis,  page  619), 

On  the  other  hand,  the  tugs  of  the  adhesions  on  auricles  and  ventricles 
may  act  as  mechanical  extrastimuU  and  produce  an  extrasystolic  arrhyth- 
mia, which  in  itself  hinders  the  circulation. 

SYMPTOMS. 

Since  the  actual  formation  of  the  adhesions  really  represents  the  sub- 
sidence of  the  acute  pericardial  process,  it  is  not  surprising  that  the  onset  of 
the  pathological  lesion  is  insidious,  and  indeed  may  coincide  with  the  sub- 
sidence rather  than  the  onset  of  symptoms.  This  is  well  illustrated  by  cases 
of  purulent  pericarditis  Hke  that  reported  by  Manges,  in  which  obliteration 
of  the  pericardial  cavity  accompanied  the  curve  of  the  heahng  of  the  incision. 
The  patient  was  free  from  symptoms,  and  a  year  later  was  working  as  a 
messenger  boy.  In  most  ca^es  the  process  continues  insidiously  during 
months  or  years  before  cardiac  symptoms  and  heart  failure  set  in,  during 
which  the  patient  may  be  apparently  well  or  may  suffer  only  upon  over- 
exertion, over-indulgence  in  vencrc  ct  potu,  or  emotional  excitement. 
Sooner  or  later  the  pump  wears  out  and  symptoms  become  marked. 

The  symptoms  of  adherent  pericardium  are  mainly  those  of  chronic 
heart  ffdlure — palpitation,  weakness,  etc.  Precordial  pain  localized  about 
the  apex  or  the  base  of  the  sternum  is  common  (65  per  cent.-70  per  cent. 
of  cases).  As  stated  above,  the  other  symptoms  may  fall  into  the  category 
of  cardiac  dyspnoea  or  that  of  venous  stasis  and  dropsy,  dependent  upon 
whether  the  failure  of  compensation  ia  in  the  pulmonary  or  systemic  circu- 
lation. In  the  former  case  there  are  attacks  of  coughing  and  acute  dyspnoea, 
sometimes  with  smothering  sensations.  The  latter  often  begins  insidiously 
with  weakness,  enlargement  of  the  Uver  and  spleen,  swelling  of  the  abdomen 
(Pick's  pericarditic  pseudocirrhosis  of  the  Uver,  or  pericarditic  polyse- 
rositis), and  swelling  of  the  feet.  These  symptoms  may  also  set  in  more 
acutely  as  in  the  form  of  simple  heart  failure. 

Delirium  occasionally  occurs  with  adherent  pericardium,  perhaps  due 
to  disturbed  cerebral  circulation.  In  one  case  under  the  writer's  care  the 
patient  was  subject  to  hallucinations  of  vision  during  the  periods  when  his 
cardiac  condition  was  bad.  These  were  probably  due  to  congestion  of  the 
retinal  capillaries,  so  that  he  saw  lions  and  tigers  jumping  over  one  another 
at  the  foot  of  his  bed,  even  though  he  realized  it  was  a  physiological  hallu- 
cination. 
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PHYSICAL  SIGNS. 

Corresponding  to  the  variations  in  the  site  of  adhesions,  the  physical 
signs  of  adherent  pericardium  are  both  multifarious  and  interesting.  The 
patients  are  often  pale  and  pasty,  the  hsemoglobin  being  low  and  the  ca- 
pillaries rather  empty  of  blood.  Sometimes  the  opposite  holds  true,  and 
plethoric  cyanosis  prevaib.  Inspection  of  the  veins  of  the  neck  may 
show  filling  of  the  latter  during  inspiration  (Kussmaul's 
sign),  accompanied  by  inspiratory  diminution  in  the  size  of 
the  pulse  or  even  omission  of  gorae  beats  during  inspiration  (pulsus 
paradoxus,  Kussmaul)  (see  page  616).  The  sounds  over  the  heart  during 
this  period  may  become  weaker,  but  usually  still  continue. 

The  so-called  Friedreich's  sign  (diastolic  collapse  of  the  vein),  now 
known  to  represent  merely  a  weak  positive  venous  pulse  (see  page  80), 
is  common  to  many  weak  hearts  and  has  no  diagnostic  or  prognostic  value. 

C.  M.  Cooper  has  recently  added  what  seems  to  be  a  \-aluable  accessorj'  sign  of  ad- 
herent i>erieardiurn.  He  determines  how  long  the  patient  can  hold  the  breath  in  inspira- 
tion, and,  five  niinut-es  later,  the  same  for  holding  the  breath  in  expiration.    In  normal 

insp. -40-70  25 

individuals    ^         ;  in  cardiac  lesion  -r^;  in  persons  with  mediastinal  and  peri- 

exp.  ^zif-^^iy  lo 

cardial  adhesions    > —  ' — ~-  (paradoxieal  ratio).    Patienta  with  bronchial  afithma  ako  ^H 
exp.  =25  ^M 

insp.  =  15-20  ^1 

showed  ^  (paradoxical  ratio);    so  that  its  chief   value   is  aa  confinnatory 

e\'idence.    The  presence  of  a  paradoxical  ratio  may  prove  very  uaeful  in  confirming,  and 
ft  norniol  ratio  in  excludin^^,  mediaBtinupericarditie. 
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Broadbcnt's  Sign. — The  chest  usually  shows  marked  precordial  bulging, 
especially  in  children,  Walter  Broadbent  in  1S95  called  attention  to  a 
"visible  retraction,  synchronous  with  the  cardiac 
systole,  of  the  left  back  in  the  region  of  the  eleventh 
and  twelfth  ribs,''  and  " in  less  degree  of  the  same  region  of  the  ^ 
ri^ht  back  "  (Broadbent's  sign).  Such  retractions  of  the  i  n  t  e  r  s  p  a  c  e  8  fl 
have  also  been  recognized  in  manj'  cases  of  cardiac  hypertrophy  by  the  " 
Broadlx^nts  as  well  as  by  other  observers  (Tallant).  J.  H.  F.  Broadbent 
has  lately  (Heart  Diseases,  4th  edition)  stated  the  facts  more  definitely 
and  more  accurately  in  the  following  words:  "The  systolic  recession  of 
spaces  alone  is,  however,  not  a  trustworthy  indication,  as  it  may  be  due 
to  atmospheric  pressure,  especially  when  the  heart  is  much  hv-pertrophied. 
When  the  costal  cartilages  or  lower  end  of  the  sternum 
are  dragged  in,  there  can  be  little  doubt  as  to  the  diagnosis,  as  this  could 
not  be  effected  by  atmospheric  pressure."  This  sign  is  often  most  marked 
in  deep  inspiration  when  the  diaphragm  is  t^ense. 

Broad li^nt  also  states  that  systolic  retraction  over  the  apex  is  a  valuable 
sign,  but  only  when  the  impulse  is  forcible  on  palpation,  as  it  may  otherwise 
be  due  to  atmospheric  pressure  (over  the  right  ventricle;  cf,  page  143)^ 
This  is  certainly  tnic  in  many  cases,  but  in  the  writer's  experience  there 
are  frequent  exceptions  to  this  rule,  and  it  is  of  value  chiefly  as  a  cor- 
roborating ,'^ign.  ^M 

PercussJoii,^The  aiea  of  cardiac  dulness  is  usually  but  by  no  means  H 
always  enlarged,  owing  to  the  hypertrophy  which  usually  takes  place. 
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though  fixation  of  the  lung  borders  may  cause  the  area  of  flatness  and  area 
of  dulness  on  the  left  to  almost  coincide.  The  characteristic  features  on 
percussion  are:  Absence  of  the  usual  change  in  the  left 
border  of  flatness  between  deep  inspiration  and  deep  expiration. 
This  movement  of  the  border  of  the  lungs,  which  is  normally  2-3  cm., 
may  be  reduced  to  less  than  1  cm.  or  may  absolutely  disappear.  The 
position  of  the  apex,  as  determined  by  palpation,  auscultation, 
and  percussion,  also  becomes  fixed,  and  may  not  change 
at  all  when  the  patient  turns  from  lying  on  his  right  side  to  lying 
on  his  left.  However,  both  these 
fixations  may  be  present  with 
simple  pleural  adhesions  and  no 
actual  involvement  of  the  peri- 
cardial cavity.  This  was  well 
exemplified  in  the  case  of  a 
little  girl  who  had  been  a  pa- 
tient in  the  Johns  Hopkins 
Hospital  several  times  during 
the  last  couple  of  years,  and 
who  presented  signs  interpreted 
as  adherent  pericardium.  At 
autopsy  the  pericardial  cavity 
was  free  from  inflammatory 
processes,  but  the  pleurte  were 
everj^where  bound  down  tightly 
around  it.  Practically  the  effects 
were  nearly  the  same  as  If  the 
pericardial  cavity  had  been  in- 
volved, Broadbent's  sign  and 
pulsus  paradoxus  being  present 
to  a  slight  degree.  Such  cases 
are,  however,  extremely  rare,  and  difficult  to  diagnose  when  they  occur. 

Palpation,  —  Sir  William  Broadbent  has  called  attention  to  the  im- 
portance of  an  exaggeration  of  the  diastolic  shock  or  rebound 
(accompanying  the  second  sound)  over  the  great-er  part  of  the  pericardium 
as  characteristic  of  adherent  pericardium.  This  is  certainly  a  useful  aid 
especially  in  corroboration  of  other  signs,  but,  unless  the  distinctness  of 
the  shock  is  far  greater  than  would  be  warranted  by  the  loudness  of  the 
sound  at  the  base,  it  is  of  little  value.  Nevertheless,  the  writer  recalls  a 
case  in  which  the  diagno.'^iis  of  adherent  pericardium  (accompanying  a  well- 
defined  aneurismj  was  based  upon  this  sign  alone  and  was  verified  at 
autopsy.  Professor  Thayer  has  found  that  there  is  often  in  addition  a 
protodiastolic  shock  accompanying  the  third  heart  sound,  which  may  be 
the  most  intense  shock  in  the  whole  cardiac  cycle.  Apparently  this  ia 
distinctive  of  ailherent  pericardium. 

Thrills,  especially  presystolic  in  time,  are  occasionally  felt,  probably 
owing  to  tugs  upon  strands  of  adhesions,  but  these  alone  are  not  typical. 

Auscultation. — Since  pericarditis  is  frequently  (34  per  cent,  of  Scare's 
cases)  accompanied  by  various  forms  of  valvular  disease,  the  presence  of 


Fia.  28ft. — Cirdiae  outline  in  ariher^nt  pcripnrdium. 
Th©  broicen  linii  indicates  the  fbiatiun  of  the  left  bunler 
of  the  heart  (apex)  iitid  of  the  left  hwirder  of  cAnliap 
flatneas  (anterior  margin  of  the  left  lung).  The  smal] 
diagram  at  the  left  shows  the  relation)  of  the  henri  (Mnnidw 
to  the  cardiac  cycle,  indicating  the  unusually  loud  thini 
heart  wiuud.  BR  Bfi  iitdicate  areas  of  systolic  retrae- 
tiou  of  the  ribs,  xiphoid,  and  interspaces;  R  1,  2,  Rieas' 
ga»Crie  •uiioda  in  adherent  pericardium.  ^ 
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all  varieties  of  valvular  murmurs,  especially  of  mitral  origin,  is  not  sur- 
prising. A  presystolic  rumble,  probably  due  to  the  stretching  of  stranda 
of  adhesions  by  the  contraction  of  the  auricle,  is  occasionally  heard  in 
cases  of  adherent  pericardium  in  which  aortic^  mitral,  and  tricuspid  valveaJ 
are  normal.  Sewall  also  reports  several  cases  with  reduplication  of  the! 
first  sound,  which  was  shown  at  autopsy  to  be  due  to  old  peripheral  adhe- 
sions. Professor  Thayer  finds  the  tliird  heart  sound  and  the  corresponding 
protodiastolic  shock  and  wave  verj'  distinct  in  adherent  pericardium. 
This  may  be  due  to  the  fact  that  they  are  more  easily  transmitted  to  the 
chest  walJ^  or  perhaps  because  the  filling  of  the  heart  causes  sudden  stretch-^ 
ing  of  the  adhesions.  ', 
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Fia.  290. — ln«piraU»ry  uid  expiratory  dropping  af  beat*  (RieKel's  puke  euul  the  piilsua  paradosui) 
in  ftdheriTit  pericardium,  •howing  the  poflitiao  of  the  adhesions  wtiicb  bring  the  condition  about.  I'JSA'., 
junrular  pul»e;  C.4/70T.,  carolit)  pulse;  Rf^P.,  respiration  (duwriHlrokes  repi*«aent  itiapiratiuti:  upstroke! 
represent  cxpimtioM).  In  ca»e«  with  Riegd's  phenomenon  (anterior  costo-pericardial  adhesions)  tha  { 
coiiditianH  are  as  .<ihuwn  in  the  diagram  (upp«r  respiratory  tractng,  veiioiis  pulse,  carotid  poise);  Ihoea 
with  pul«<uii  paradoxus  correspond  to  the  conditions  shown  by  venous  pul^M?,  carotid  pulae,  aod  loww 
respiratory  tracing. 

Ri€ss'  Gastric  Sounds. — ^A  very  interesting  sign  was  described  by  Riess 
in  1879,  and,  since  it  has  been  verified  by  so  excellent  an  observer  as  Fran- 
^ois-Frunck,  merits  attention.  On  listening  over  the  stomach  in  some 
cases  of  adherent  pericardium,  observers  have  been  able  to  hear  the  heart 
sounds  loud  anrl  metallic  in  quality.  These  sounds  are  not  much  influenced 
by  changes  of  position,  by  respiration,  nor  by  inflation  or  filling  of  the 
stomach.  They  are  probably  due  to  adhesions  to  the  diaphragm  only,  and 
hence,  as  originally  stated  by  Riess,  are  not  present  in  all  cases  of  adherent 
pericardium. 

Variations  in  the  Pulse.-— The  pulse  in  adherent  pericardium  is  usually 
small  and  rapid,  generally  regular,  but  often  showing  an  extrasystolic 
irregularity  which  is  probably  due  to  tugs  upon  the  strands  of  adhesions. 

The  striking  and  characteristic  feature  is  the  marked  diminution  of 
the  pulse-wave  during  inspiration,  amounting  sometimes  to  the  dropping 
of  a  beat  during  that  phase.  This  was  first  noticed  by  Griesinger  in  1S.34 
in  a  case  in  which  autopsy  showed  strands  of  adhesions  about  the  arch  of 
the  aorta,  causing  kinks  and  stenosis  in  its  lumen  when  pulled  upon  by  the 
descent  of  the  tliaphragni.     The  venaj  cavie  were  also  caught  in  dense 


■ 


^ 
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adhesions  which  strangulated  them  in  similar  manner  during  inspiration. 
Both  inflow  and  outflow  of  blood  wore  tlierefore  hindered  in  that  phase, 
hence  the  diminution  of  the  pulse.  The  aame  condition  was  studied  b; 
Hoppe  and  later  by  Kussmaul  (1873),  since  whose  report  it  is  known 
the  puis  n  s  paradoxus.  It  is  not  entirely  pathognomonic  of  adhe- 
rent pericardium  or  even  of  pericarditis  in  general,  oce\irring  with  open 
ductus  arteriosus  Hotalli  (Fran^ois-Franck,  see  page  554)  and  in  many 
normal  or  neurasthenic  individuals  (Reit'hmann),  though  in  these  the  dinu- 
nution  does  not  amount  to  complete  dropping  of  beats  during  inspiration. 


ADHES 


Fio.  291. — A.  RailioRrHpli  of  n  ca^s*-  nf  ii'lherent  p^ricanJiism,  (Kimincfl?  nf  I'rnf,  C.  M.  C<"iper.) 
D.  Diagrain  illiMtrntiiig  ihe  condition  men  iu  A,  liliuwtiig  the  pericanJium  [luUed  uutwuni  to  the  riglil  uuil 
s  partion  of  the  dikphragin  pulled  upward  by  the  adheHioDs  (.ADHES). 


The  occurrence  of  exactly  the  opposite  condition  of  the  pulse,  namely  diminution 
of  the  wave  and  impulse  during  expiration,  has  been  described  by  Riep^el  in  cases 
in  which  autopsy  showed  pleuroperioardial  adhenions  upon  the  anterior  surface  of  the 
heart.  Riegel  believes  that  the  relaxation  of  the  hini?  during  e:tpiration  pulk  the  heart 
upward  and  prodmcei*  a  falJ  of  pressure  from  dinplacement  of  the  latter. 

Roaenbach  has  been  able  to  show  experimentally  that  when  the  heart  was  displaced 
by  an  inflated  rubber  built  the  vena?  cavse  became  kinked  and  the  pulse  Hpcame  smaller 
and  blood- pre«au re  fell.  When  this  displacement  occurs  diiring  inspimfit>n  from  downward 
traction,  a  pulsus  paradoxus  results;  when  it  occurs  during  expiration,  Riegel's  phenuin- 
enon  occurs. 

Apart  from  these  respiratory  v^ariationa  the  blood-pressure  shows  no 
special  features,  being  usually  low.  in  uncomplicated  cases;  but  it  is  fre- 
quently normal  from  compensatory  vasoconstriction  and  increased  cardiac 
effort,  and  occasionally  high  in  the  nephritic  and  urtemic  cases. 

X-ray  Examination.  —  The  demonstration  of  pericardial  adhesions 
by  means  of  the  Rontgen  rays  was  first  made  by  Moritz  Benedikt  in  1S97. 
Some  question  was  thrown  upon  his  methods  by  the  criticism  of  F.  Moritz 
(11*00),  showing  that  normal  shadows  along  the  edge  of  the  cardiac  and 
liver  shadows  may  simulate  adhesions.  These  objections  were  ttbviated 
by  Stuertz,  who  reported  five  cases  in  which  the  presence  of  adhesions  was 
demonstrated  not  only  by  suspicious  shadows  through  the  lungs  ami  along 
the  edge  of  the  pericardium,  but  also  by  the  fact  that  the  margin  of  the 
pericardium  at  these  points  was  pulled  downward  or  outward  when  the 
structures  were  rendered  tense  in  inspiration.    Some  areas  were  also  shown 
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to  be  quit«  fixed  during  respiration.     Stuertz's  observations  have  been 
confirmed  by  Lehmann  and  SchmoII  and  by  Dr.  C.  M.  Cooper,  to  whona^ 
the  WTiter  is  indebted  for  the  X-ray  shown  in  Fig.  29  L  ^| 

The  special  value  of  the  X-ray  examination  hes  in  the  fact  that  it 
reveals  the  mediastinal  and  diaphragmatic  adheHJons  with  accuracy,  and^^ 
by  demonstrating  the  points  at  which  the  fixation  and  tension  are  g^eate3^H 
points  out  the  path  for  operative  interference.  ^^ 

Alxlomen. — The  abdomen  is  often  negative,  but  enlargement  of  the_ 
liver  and  spleen  and  ascites  are  frequent,  as  has  been  shown  by  Weiss  i^ 
1876. 


Case  of  Aohehent  Pericahdium. 


1 

I  frooH 


The  following  very  typical  caae  was  under  the  writer's  care  in  the  City  and  County 
Hospital  of  San  Franci.^o.    (As  the  original  history  was  lost,  these  not«8  are  taken 
the  article  of  LehruHnn  and  Schmoll,  who  have  previously  publiwhed  the  case.) 

L.  A.,  engineer,  23  years  oUl,  entereil  the  hoapita.ll  complain! tig  of  headache,  nau 
and  shortness  of  breath.    He  had  had  rheumatism  six  years  ttefore  achniMsion,  and  then  I 
pain  over  the  heart.    Since  tlien  he  had  bad  two  attacks.    During  the  past  few  years  he' 
liaa  been  subject  ftj  fjHerimls  of  heart  failure  with  dyspnu^a,  during  which  he  is  fretiuently 
depressed  and  sometimes;  even  maniacal.  ^M 

The  patient's  Ups,  ears,  and  extremities  are  deeply  cyanotic.  The  pulse  is  irregulaijl^l 
with  nunrerous  extrasy stoles,  many  of  them  ineffectual.  The  ajjex  impulse  (systolic  pro- 
trusion)  is  vinible  in  the  sixth  interspace  3  cm.  outside  the  mammillary  line,  beyond  which 
there  is  a  well-marked  fly.itolic  retraction  of  the  interspaces  in  front  and  back.  There  is 
also  eystolic  retraction  of  the  ribs  and  contal  margin  (Broadbent's  sign).  The  apex  is 
fixetl  and  does  not  move  with  change  of  position,  but  the  area  of  flatness  changes  during 
respiration  (movement  of  the  lung  bonier).  There  is  well-marked  pulsation  over  the  right 
ventricle.  Duhiess  extends  above  to  the  third  rib  and  i  cnj.  to  the  right  of  the  right  para- 
Bternal  line.  A  loud  presystolic  rumble  and  a  loud  systolic  murmur  are  heard  over  the  apex. 
The  second  pulmonic  is  markedly  accentuated.  Both  sounda  are  heard  with  the  extr 
aystolea. 

The  lungB  are   dear  except  for  dulnesa  and  broncho  vesicular  breathing  at  the  left' 
base  behind. 

The  liver  is  greatly  enlarged  and  readily  palpable,  but  there  ta  no  pulsation.    Tl»ere 
is  some  tpdema  of  the  feet. 

Clinical  diagnosis:  Left-eided  pleurisy,  adhesion  of  the  pericardium  with  the  po»^ 
terior  surface  of  the  heart,  mediastinum,  and  diaphragrn,  mitral  stenosis  and  insufficiency^ 

Examination  with  the  fluorosco[>e  showed  the  heart  to  he  diluted  to  right  and  lefti 
There  was  a  marked  angular  protru.sion  along  the  right  border  of  the  cardiac  shadow^ 
In  this  region  the  out  lines  of  the  shadow  ure  lens  Bharj>ty  definetl  than  usual,  merging  int 
the  liver  and  vert«bral  shadows.    The  diaphragm  is  equally  high  on  left  and  right,  mo's*in 
less  on  the  latter. 

The  patient's  condition  did  not  improve  under  rest  and  fligitalts.    He  often  had  in 
tense  precordial  pains.    On  one  occasion  he  was  subject  to  definite  hallucinatioRs,  imagin-" 
ing  that  he  saw  lions,  tigers,  and  other  brightly  colored  wild  animals  springing  to  and  fro 
upon  the  floor  of  the  ward  and  over  his  l>e<l,  though  he  was  a1  the  time  otherwise  rational,; 
and  even  realized  that  it  wa.s  an  hallucination.    He  was  plac<Hl  in  a  solitary  cell  for  twentj 
four  hours  at  his  own  request ,  for  fear  of  doing  personal  violence  to  the  persons  about  hin 

His  condition  became  bo  much  worse  (hat  cartiiolyaia  waa  decided  upon  as  a  la 
resort  and  wan  [>erfonned  by  Professsor  Stillman.    The  ribe  were  resected  over  the  pn 
cordium  and  the  pericardium  opened  in  exploration.    The  heart  was  everywhere  coven 
with  adhesions,  which  over  the  anterior  surface  of  the  heart  consisted  of  strands  about  an 
inch  long.    There  was  no  fibrinous  exudate  and  no  fluid.    The  patient  took  the  ether  badly 
and  became  extremely  cyanotic.    The  shock  of  the  operation  did  him  evident  harm,  for 
during  his  entire  sojourn  after  that  he  felt  even  worse  than  before.    The  wound  itself  caused 
him  no  trouble  and  healed  |)er  primum.    The  patient  left  the  boepita!  three  weeks  after 
the  operation,  in  spite  of  advice, 
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Pericarditic  Pseudoclirhosis  of  the  Liver  (Pick),  and  Polyserositis  from 
Adherent  Pericardium  (Cabot).  —  Hutinal  in  1S9.5  described  a  form  of 
liver  cirrhoHis  of  cardiac  origin  (cirrhose  cardiaque).  Friedel  Pick  (1896) 
in  Pribram's  clinic  called  attention  to  a  very  interesting  clinical  condition 
which  is  not  infrequently  encountered,  but  whose  nature  is  often  over- 
looked. This  is  seen  in  certain  cases  which  run  the  course  of  a  primary 
hepatic  cirrhosis,  beginning  with  a«ci- 
tea,  enlargement  of  the  hver,  slight 
jaundice,  general  weakness  and 
dyspnoea,  but  devoid  of  any  special 
cardiac  features.  Occasionally  there 
were  also  enlargement  of  the  super- 
ficial veins  of  the  abdomen  and  cedema 
of  the  feet.  The  first  and  second 
cases  were  considered  clinically  to  be 
primar}'  cirrhosis  of  the  liver,  and  the 
discovery  of  adherent  pericardium  at 
autopsy  came  as  a  surprise.  In  his 
third  case  adherent  pericardium  was 
carefully  sought  for  ami  found,  and 
the  diagnosis  was  correctly  made. 
Death  occurred  in  two  to  four  years 
after  onset  of  symptoms.  The  peri- 
cardia in  these  cases  were  found  to 
be  completely  or  almost  completely  adherent,  the  rest  of  the  heart  normal. 
The  livers  sliowed  both  interlobular  cirrhosis  and  chronic  perihepatitis 
(iced  liver,  Curschmann),  the  peritoneum  was  thickened,  and  chronic 
perisplenitis  was  present.  An  example  of  this  condition  is  found  in  the 
case  of  J.  M.  C.  cited  on  page  370,  in  whom  the  presence  of  adherent  pericar- 
dium was  not  susf>ected  during  life. 

In  189R  R.  C.  Cabot  deseribed  a  aimilar  case.  Flesch  and  Schossberger  find  the  con- 
dition not  iiifref|iient  in  children,  presenting  the  8U[>erfidal  manifestations  of  a  primary 
cirrhosis  without  the  presence  of  alcohol  and  syphilis  aa  etiological  factors.  On  cttreful 
examination  die  presence  of  adherent  jwricjirdium  i«  readiJy  detected  by  its  usual  signs. 

Flesch  aiici  Sch(Wt*l>t!rger  were  able  to  repro<luce  the  conditioin  ex [>eri men  tally  in  do)y;8. 
They  proikiced  pericarditts  by  injections  of  tincture  of  iodine  into  the  j^iericardial  cavity 
and  allowed  the  unimalB  to  recover,  during  which  periwi  adherent  (>ericnrdinni  occurred. 
After  a  few  inontlis  a.seite«  and  cedema  set  in  and  the  animals  died.  Their  results  have 
been  oonfimieil  by  O.  Hess,  who  has  aKso  pro<^lu(«d  cyanosis  and  cirrhosia  of  the  liver  by 
suturing  the  inferior  vena  cava  to  the  diaphragm. 

Anotlier  [KHjit  in  thediHereutial  diajB^nosis  from  true  primary  cirrhosis  is  the  fact  that 
the  veins  of  the  arma  and  neck  are  usually  enlarged  to  almost  the  same  extent  as  those  of 
the  portai  system,  showing  that  the  ata^is  is  not  confined  to  the  latter.  There  is  no 
caput  medusffi. 


Fta,  292. — Ca»e  of  p«ricardltic  pfleudocir* 
rhoaJB,  (After  Cabot.  Boal.  M.  and  S,  J.,  1898, 
oxxxviii.} 


TREATMENT, 

The  treatment  of  adherent  pericardium  may  be  both  palliative  and 
operative.  The  palliative  treatment  is  simply  the  general  treatment  for 
cardiac  weakness:  rest,  diet,  and  cardiac  stimulants,  strychnine  and  digi- 
talis,  during  the  onset  and  acute  stages;  careful  graduated  exercises  and 
training  during  the  period  of  relative  freedom  from  symptoms. 
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It  is  impossible  to  remove  the  condition,  and  the  therapy  must 
simply  so  directed  that  that  which  cannot  be  cured  may  best  be  endurei 

Anemia  should  be  treated  with  iron,  exposure  to  infection  avoi 
and  general  hygienic  conditions  maintained.  For  reasons  mentioned  abov 
these  precuations  should  be  carried  out  even  more  carefully  than  for  simpi 
valvuiar  disease. 

Surgical  Treatment    (Cardiolysis). — In  1902  Brauer.  of   Heidelberj 
introduced  a  simple  method  of  treatment  which  promises  to  revolutioni 
the  therapy  of  adherent  pericardium,       Brauer  proposed  **to    re  lie  v 
the   heart   functionally   by   breaking   the  strong    bon 
ring   of   ribs,  not  by  a  severe  operation  with  the  breaking  up  of  exte 
aive  adhesions  but  only  by  substituting  a  soft  covering  for  the  natural  bony 

covering  of  the  heart On  account  of  the  tremendous  strain  upo: 

the  heart,  due  to  traction  on  the  chest  wall,  we  foresaw  a  danger  in  oi>e 

tion  under  narcosis The  operation  was  tried  upon  a  patient  vr\ 

adherent  pericardium,  broken  compensation,  ascites,  and  oedema.     Seg- 
ments of  the  third,  fourth,  and  fifth  ribs  7  to  9  cm.  in  length  were  resec 
under  light  narcosis,  the  periosteum  being  carefully  removed-    The  patien 
made  an  uninterrupted  recovery.     His  pulse  soon  became  stronger  and 
more  regular,  the  ascites  and  oedema  disappeared,  and  he  was  able  to  d 
heav}^    work  without  symptoms.     The  pulse  still  remained  irregular. 

Brauer  reported  two  other  cases  with  equally  good  results,  and  the^' 
have   been   confirmed  by   Beck,    Umber,   Meyer,   Westfeld,   Wenckebac 
and  others,     Brauer  particularly  states  that  he  does  not  attempt  to  bre; 
up  the  adhesions,  as  Delorme  and  Carl  Beck  have  proposed,  since  he  believi 
that  this  operation  is  too  severe  and  that  the  adhesions  would  form  agai 
too  rapidly,  although  he  states  that,  in  individual  ca.se8,  this  might 
done  besides  his  operation. 

As  regards  the  indications  for  cardiolysis,  it  would  appear  that,  sin 
the  adherent  pericardium  cannot  otherwise  be  relieved,  this  operation  i 
worthy  of  trial  whenever  symptoms  of  cardiac  weakness  occur  and  recu; 
in  a  patient  with  well-marked  adhesions  to  the  chest  wall  (tugging  in  of 
the  lower  ribs,  fixation  of  the  left  border  of  flatness  on  inspiration,  imm' 
bility  of  the  apex)  and  recur  in  spite  of  general  cardiac  hygiene.     It  is  n 
necessary  to  wait  for  the  complete  cardiac  bi*cak-down  to  prophesy  thai 
this  nmst  sooner  or  later  occur  in  such  a  case,  and  to  see  that  the  soonei 
the  work  of  the  heart  is  relieved  the  longer  will  be  the  life  of  the  patien 
Moreover,  it  is  evident  that  if  the  operation  is  performed  between  attac 
of  carrtiac  overstrain,  the  patient  is  in  better  condition  to  withstand  t 
shock  of  the  operation  anil  the  danger  of  the  latter  is  diminished-     If  th 
cardiolysis  is  not  performed  until  the  patient's  heart  has  almost  completel; 
given  way,  as  in  the  case  of  the  patient  with  the  visual  hallucinatio: 
i-eferred  to  above,  he  can  scarcely  fail  to  suffer  from  the  shock  of  the  opera-] 
tion;  but  even  in  such  cases  Brauer's  results  have  been  striking,  an<l,  sin 
there  is  no  other  mode  of  relief,  operation  is  warranted. 

It  must  be  confessed  that  in  such  cases  the  manner  in  which  the  anie*-: 
thesia  is  administered  determines  a  large  part  of  the  shork  from  the  ope 
tion,  and  may  prove  a  decisive  factor  in  the  outcome.    The  selection  of  I 
anjEsthetist  constitutes  no  small  part  in  the  management  of  the  case. 
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The  question  also  arises  whether  operation  shoukl  be  advised  in  chil- 
dren or  adolescents  whose  pericardia  are  adherent  to  the  chest  wail,  but  in 
whom,  owing  to  the  flexibility  of  the  latter,  the  symptoms  do  not  tis  yet 
demand  operative  interference.  In  this  regard  each  case  must  of  course 
be  decided  upon  its  own  merits,  but  it  is  evident  that  as  age  advances  the 
rigidity  of  the  ribs  is  bound  to  increase  and  the  strain  upon  the  heart  pro- 
portionately. If  the  case  rcmains  relatively  free  from  symptoms  as  age 
advances,  it  should  be  left  alone;  but  if  the  progress  of  the  second  or  third 
decade  brings  with  it  increasing  cardiac  symptoms  or  the  signs  of  pjericardi- 
tic  pseudocirrhosis,  the  question  of  early  cardiolysia  should  be  seriously 
considered.  Since  there  is  no  hope  that  children  will  "outgrow"  an  atlhe- 
rent  pericanliuin,  it  should  be  reUeved  as  much  as  possible  before  the  strain 
has  ruined  the  heart  muscle.  When  valvular  lesions  are  present,  e8i>ecially 
mitral  stenosis,  the  danger  from  operation  is  of  course  greater,  but  in  the 
hands  of  a  skilful  surgeon  this  is  much  less  than  might  be  expected  and  is 
probably  less  than  that  in  pericardiotomy  for  purulent  pericarditis. 
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WOUNDS  OF  THE  HEART  AND  CARDIAC  TRAUMA. 

Hippocrates  and  Celsus,  Paul  of  JEgm&,  Roland,  Lanfranc,  and  other 
writers  of  antiquity  taught  that  wounds  of  the  heart  were  followed  immedi- 
ately by  death;  but  Ambroise  Pare  (1552)  saw  a  gentleinan  of  Turin  "who,j 
although  wounded  in  the  heart  during  a  duel,  was  able  to  pursue  his  antag- 
onist 700  feet  before  he  dropped  to  the  ground  and  died."  Muler  (1641) 
treated  a  soldier  who  lived  for  fifteen  days  after  sustaining  a  wound  of  the 
heart, — an  observation  so  unheard  of  at  the  time  that  he  had  the  autopsy 
I  protocols  signed  by  the  commander  of  the  garrison!  Aprilis  (16S0)  de- 
[scribes  a  wound  of  the  right  auricle,  after  receiving  which  the  man  had  lived 
for  five  days. 

The  results  of  modem  times  were  summed  up  by  G.  Fischer  in  1S67 
(351  cases)  and  Loison  (1899)  (277  cases).  Fischer  found  the  wounds 
occurring  with  the  following  frequency: 

Death  within  »  few 

tninutefl.  Rerov 

Right  ventricle 107— 21 .9  per  cent.             6 

Left  ventricle 95 — 26.  per  cent.             6 

Both  ventricles 24 — 34 .  per  cent.              2 

Right  auricle 28 — 25 .  per  cent. 

Left  auricle 13 — 38 .  per  cent. 

Apex 12                                        4 

Bluie 1                                       1 

Septum  ventriculonim 6                                        1 

Whole  heart 15 — 62 .  per  cent.              1 

lA>ft  heart 5 

Right  heart 3                                        11 

Coronary  artery 1                                          1 

Pulmonarj*  artery 1 

Not  specified 40                                      17 


351  50  (11.2%) 

In  452  cases  there  were  50  (12  per  cent.)  of  spontaneous  recovery. 

EXPERIMENTAL   SURGERY. 

Elsberg  in  1899  made  a  very  careful  study  of  wounds  experimentally  I 
produced  in  the  rabbit's  heart.     He   found  that  those  produced   during:! 
sy.stole,  when  the  heart  fibres  are  shortened,  become  enlarged  during  dias-' 
tole  and  hence  bleed  more  than  wounds  of  corresponding  size  produced 
during  the  latter  phase.    Wounds  that  completely  penetrate  the  heart  wall 
bleed  more  than  those  which  do  so  partially.    Those  which  enter  perpen- 
dicularly bleed  more  than  those  which  penetrate  obliquely,  for  in  the  latter i 
case  the  walls  form  a  valve-hke  approximation  during  systole.     Indeed 
Prof.  Barker  and  the  writer  have  produced  oblique  wounds  penetrating  the 
entire  wall  of  the  dog's  ventricle,  which  scarcely  bled  at  all. 

623 


624 


DISEASES  OF  THE  HEART   AND   AORTA. 


Even  the  smaUest  incised  wounds  made  by  Elsberg  in  the  rabbit's 
auricle  were  always  fatal  unless  sutured,  while  those  of  the  right  ventriclfl 
were  more  fatal  than  those  of  the  left.  \\^ounds  of  2  mm.  or  less  iu  the  lef<l 
ventricle  frequently  healed  spontaneously.  However,  when  suture  wa 
employed  a  larj^e  part  of  the  ventricles  could  be  cut  through  and  the  ani^ 
mal's  life  saveil. 

The  size  of  the  instrument  producing  the  injurj'  plays  little  r61e,  fofij 
although  in  general  large  wounds  bleed  more  and  are  more  uniformly  fata 
than  small  ones,  nevertheless  large  and  fatal  wounds  have  been  producci 
by  even  ordinary  needles.  For  example,  Thiemann  describes  the  case  of  i 
man  who  in  pressing  against  a  heavy  beam  aec-iden tally  drove  a  sewing 
needle  through  his  chest  wall,  where  it  became  imbedded  and  stuck  into  tlie ' 


Fio.  293. — Woundd  of  the  left  ventricle.     (From  sppcimt'iu*  in  tlio  Army  Medical  Mu^runi.  Was] 
ington,  D.  C  >      A.   Bullet  wouud  im  the  heurt  uf  a  Holdier  who  lived  fur  two  d&yM  after.     B.  Stab  wound 
the  left  ventricle ;  death  within  two  hours. 


heart  wall,  ripping  one  hole  L5  cm,  long  in  the  wall  of  the  right  auricle  and 
another  smaller  hole  in  the  wall  of  the  right  ventricle.  His  life  was  saved  by 
operation  four  and  one-half  hours  later, 

A  single  small  puncture  of  the  heart  wall  with  a  needle  with  prompt 
withdrawal  of  the  needle  and  no  laceration,  as  is  occasionally  done  in  para-j 
centesis  pericartlii,  as  a  rule  causes  no  marked  disturbance  and  does  not 
require  operative  interference. 

Death  from  penetrating  wounds  of  the  heart  results  either  from  blc 
ing,  or,  as  was  already  showTi  by  Morgagni  and  by  Cohnheim,  from  accumi 
lation  of  blood  within  the  pericardium  (see  page  598),  compressing  ll 
auricles  and  preventing  the  entry  of  blood  into  the  heart. 

It  is  possible  that  in  the  rare  ca.ses  of  instantaneous  death  thfl 
trauma  may  eause  the  ventricles  to  pass  into  a  state  of  fibrillation  ami 
the  circulation  abruptly  cease.  There  is  no  proof  that  this  is  frequent 
however,  and  the  cases  of  instantaneous  death  from  wounding  the  hea 
arc  less  common  than  might  be  expected. 
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SYMPTOMS. 

The  symptoms  accompanying  a  wound  in  the  thorax  which  suggest  a 
wound  of  the  heart  (intraprricardial  pre.ssuiT)  are  those  of  angina  pec- 
toris—  pain  down  the  left  arm,  a  feeling  of  precordial  oppression  and 
precordial  pain,  especially  marked  on  expiration.  Pressure  upon  the  pre- 
cordium  increases  these  pains.  There  is  shortness  of  breath.  Occasionally 
there  are  abdominal  pain  and  spasm  of  the  abdominal  muscles  (Rehn).  Aa 
Fischer  pointed  out,  pain  is  also  felt  about  the  external  wound,  but  as  a 
rule  not  in  the  heart  itself .  Even  probing  of  the  heart  wound, 
while  it  may  give  rise  to  weakness  and  syncope,  is  not 
accompanied  by  pain.  Thus,  one  patient  whose  left  ventricle  had 
been  wounded  thought  that  the  knife  had  only  gone  through  his  clothes. 
Blood  is  often  found  spurting  from  the  wount!  with  a  well-defined  pulsa- 
tion. Sometimes  it  is  foamy  and  mixed  witli  air,  indicating  that  the  lung 
has  been  penetrated. 

PHYSICAL    SIGNS. 

The  area  of  cardiac  dulnesa  is  increjused  or  is  replaced  by  tympany 
(pneumo-h^mopericardium).  The  heart  sounds  arc  replaced  by  loud 
churning  or  water-Wheel  murmurs.  The  blowing  murmur  caused 
by  the  jet  of  blood  passing  out  of  the  heart,  may  also  be  distinguished. 
The  pulse  becomes  small,  weak,  rapiil.  and  fumlly  iiupcrreptible.  * 
Whenever  time  warrants,  an  X-ray  examination  should  be  done  at 
once,  and  the  bullet  or  foreign  body  located.  This  may  sometimes  be  veiy 
exactly  done  by  means  of  stereoscopic  pictures  and  greatly  simplifies* the 
operation. 

TREATMENT. 

Operative  interference  in  the  treatment  of  wounds  of  the  heart  was  first 
proposed  by  Rose,  who  confined  himself  to  openkig  the  pericardium  and 
removing  the  blood  that  compressed  the  auricles.  This  procedure  was  often 
of  benefit  and  even  effected  cure  in  eases  where  bleeding  ceased  spontane- 
ously, but  when  the  heart  continued  to  bleed  it  was  of  no  avad. 

Up  to  this  time  it  had  been  thought^  in  spite  of  the  experiments  of 
physiologists,  that  suture  of  the  heart  wall  itself  would  be  accompanied  by 
instant  death.  But  in  iS95  Salomoni  and  Del  Vecchio  demonstrated  that 
wounds  in  the  heait  of  the  dog  could  be  successfully  treated  in  this  manner; 
and  in  1896  Cappelen,  Farina,  and  Rehn  sutured  the  heart,  wall  in  man. 
The  passing  of  the  sutures  had  no  ill  effects.  Cappelen's  and  Farina's 
patients  die*!  a  few  days  later  from  secondary  causes,  but  Rehn's  patient, 
who  had  received  a  stab  wound  in  the  right  ventricle,  operated  on  forty- 
eight  hours  aft«r  the  injury,  recovered,  and  thus  a  revolution  in  cardiac 
surgery  was  matle.  Rehn  ha<l  demonstrated  thai  wounds  of  the  heart 
could  and  should  l>c  .successfully  explored  ami  sutuifd  like  wounds  of 
other  viscera. 

If  the  patient  is  in  severe  collapse  from  loss  of  blood,  an  intravenous 

infusion  of  warm  salt  solution  {^7°  C.)  should  be  begun  at  once  while  the 

o}>erators  are  hastily  cleaning  and  disinfecting  the  field  of  operation.     A.** 

a  last  resoit  a  direct  arteriovenous  transfusion  into  the  veins  of  the  arm 
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may  be  made  from  another  individual  by  the  method  of  Crile,  Buerger, 
or  Hartwell  while  the  operation  on  the  heart  is  going  on,  and  some  exBan- , 
guinated  patients  may  thus  be  saved. 

Operative  Procedure.  —  The  incision  should  be  sufficiently  large  to 
admit  of  a  satisfactory  exposure.  A  flap  is  made  in  the  chest  wall  over 
the  point  of  penetration,  usually  including  two  ribs  and  three  interspaces. 
The  flap  adopted  by  most  operators  is  horizontal  U  shaped  with  bifurca- 
tions pointing  to  either  left  or  right,  the  connecting  bar  passing  through 
either   sternochondral   or   costochondral   articulations.     Occasionally  the 
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Fin.  294. — E.xiKwure  of  tW  heart  for  suturing  a  wound.  (After  G.  T,  Vaughfto.  /.  .\>n.  M.  A» 
1909,  lu.)  1,  heart;  2,  <Jcr>p  AUluro;  3.  superficial  «ufurc*;  4  and  5.  nctracton*  on  the  jwricunlium;  0, 
left  pleural  Unp;  7.  flap  of  ch«Mt  wall  iodudins  the  fourtb.  liftb.  and  sixth  ribw;  8,  heart,  outhnetl  by 
broken  uUtline. 


form  is  that  of  an  upright  or  an  inverted  U,  a  E-^ ,  or  an  H.  If  the  wound 
is  near  the  sternum  and  has  not  already  penetrated  the  pleura,  that  cavity 
should  not  be  opened,  and  the  <^  or  H  shaped  flap  is  the  best;  but  if  the 
wound  has  pierced  the  pleura,  any  convenient  exposure  may  be  atlopted. 
The  incision  through  the  pectoralis  major  should  l>e  parallel  to  its  fibres 
which  may  be  retracted.  The  sternochondral  or  costochondral  articula- 
tions are  cut  through,  the  ends  of  the  incinion  prolonged  along  parallel  to 
the  ribs,  and  the  flap  forcibly  reflected  back,  fracturing  the  costal  cartilages 
to  permit  a  wide  opening.  If  the  pleura  has  not  been  penetrated,  it 
should  be  pulled  toward  the  outer  edge  of  the  wound  with  retractors.  A 
free  incision  should  be  made  into  the  pericardium,  the  pericardial  cavity 
emptied  of  clots,  the  wound  in  the  heart  located,  and  sutured  with  a  fine 
curved  needle  and  silk  thread.    In  passing  the  sutures  the  heart  wall  may 


be  grasped  with  forceps  without  danger,  the  iri*egiiiarity  which  aecom- 
panie.s  the  passing  of  the  needle  representing  merely  a  few  extrasystoles 
resulting  from  the  irritation,  and  passing  off  rapidly.  Elsberg  never  ob- 
served sudden  stoppage  of  the  heart  and  fibrillation  following  the  inser- 
tion of  sutures.  The  writer,  after  several  hundred  experiments  upon  ex- 
po.sed  dogs'  hearts,  is  able  to  confirm  thene  statements  of  EUl^rg.  Elsl:)erg 
states  that  the  interrupted  suture  is  preferable  to  the  continuous,  for, 
though  it  takes  longer  to  apply,  it  injures  fewer  nmscle  fibres  an<l  is  more 
certain  to  hold.  The  sutures  shoukl  be  tied  during  diastole;  these 
do  not  tear  out  as  readily  as  sulures  lietl  during  systole.  In  tightening  the 
sutures  the  two  serous  surfaces  of  the  wound  should  be  pusheil  in  so  ajs  to 
be  brought  into  apposition.  The  surfaces  unite  by  the  usual  growth  of 
fibrous  tissue.  The  nuclei  of  the  muscle  cells  near  the  wound  seem  to  be 
increased  in  number,  anil  there  is  some  amitotic  and  mitotic  division  but 
no  definite  regeneration  of  nmscle. 

Control  of  Hemorrhage.  —  W  hen  the  bleeding  wtia  so  profuse  that 
death  seemed  imminent,  Elsberg  found  it  necessary  to  adopt  provisional 
means  for  stopping  bleeding  while  putting  in  the  sutures.  For  this  he  used 
a  hastily  placed  tobacco-pouch  sutuip,  or  even  a  ligature  about  the  whole 
heart  just  above  the  wouml.  (This  does  not  apply,  of  course,  to  wounds 
in  the  upper  half  of  the  ventricles.)  He  was  theu  able  to  place  the  sutures 
bloodlessly,  after  which  the  provisional  ligature  was  removed.  In  this 
way  he  was  able  to  suture  tremendtnis  wounds  (2  cm.  in  a  rabbit's  heart, 
corresponding  to  about  10  cm.  in  the  human  heart),  with  66  per  cent, 
of  recoveries. 

Large  w^ounds  of  the  auricle  may  be  more  difficult  to  control.  Sauer- 
bruch  recommends  stopping  the  bleeding  by  gently  compressing  the  auricle 
between  the  middle  and  ring  fingers  while  grasping  the  point  to  be  sutured 
between  the  index  linger  and  thumb.  Rehn  finds  that  with  some  care  a 
ligature  niay  be  placed  about  the  auricle  to  still  the  !>leeding  while  the 
sutures  are  rapidly  put  in,  but  there  is  danger  of  death  from  fibrillation  if 
the  circulation  is  completely  cut  off.  The  writer  has  been  able  to  control 
the  hemorrhage  from  quite  large  wounds  in  the  dog's  heart  for  over  ten 
nunutes  by  holding  bis  finger  gently  against  the  wound.  The  heart's  action 
was  not  weakened  by  this  procedure,  nor  did  it  become  irregular;  and  suffi- 
cient time  Avas  gained  to  lay  the  sulures  carefully.  This  was  found  to  be 
more  blootlless,  and  for  large  wounds  more  convenient,  than  Elsberg's 
method  of  laying  temporary  sutures. 

If  posf-ible  the  bullet  shouhl  be  removed  unless  it  is  too  deeply  imbedded 
in  the  cavity  of  the  heart.  Under  these  circumstances  it  may  be  left  at 
least  for  a  subsequent  operation,  as  it  often  becomes  encapsulated  and  may 
do  no  further  harm.  All  operators  agree  that  operation  in  the  Sauerbruch 
negative  pressure  rhandjer  or  with  Brauer's  positive  pressure  lessens  the 
danger  of  pneumothorax,  and  is  therefore  advisable  when  it  reijuires  no 
delay.  It  is  particularly  useful  when  the  wound  is  about  to  be  closed,  to 
prevent  the  continuance  of  the  pneumothorax. 

As  regards  the  question  of  drainage,  each  individual  case  must  he  de- 
cided on  its  own  merits.  It  is,  of  course,  important  to  prevent  sepsis, 
purulent  pericarditis^  and  pyopneumothorax.     When  the  pleura  has  not 


628 


DLSEASES   OF  THE   HEART   AND   AORTA. 


be 

i 

I'm 


been  pieired,  the  pericardium  may  be  closed  in  a  large  number  of  ca 
without  drainage  (Rehn's  statistics  show  4  caaes — 3  cures,  1  death — ^w'ith4 
out  drainage  of  ixricardiiim;  with  drainage,  5  cases — 5  deaths;  perhaps,^ 
however,  iirainage  was  used  in  only  the  more  severe  cases).     When  the 
pleura  has  been  pierced,  it  should  usually  be  <lraineil.     Whenever  bits  of 
cloth,  dirt,  etc.,  have  ent-ered  the  wound,  it  should  always  be  drained. 

Before   closing  the   wound    the    pericardial   cavity  should   again   be 
explored  t^>  .set^  that  no  other  wounds  in  the  heart  wall  or  vessels  havei 
been  overlooked. 

Occasionally  large  branches  of  the  coronary  arteries  are  found  to  bel 
pierced  and  must  be  ligatureti.  This  is  necessary,  and,  as  shown  by  PorterJ 
and  Baumgartjpn  (see  page  366),  is  not  always  fatal,  as  there  ia  a  certait 
amount  of  collateral  circulation,  but  sudden  death  may  result  during' 
subsequent  excitement,  so  that  in  such  cases  more  prolonged  rest  is  advisa- 
ble than  in  cases  of  simple  suture.  It  is  worthy  of  note,  however,  that 
this  complication  ia  not  mentioned  in  the  twelve  cases  of  late  results  com- 
piled by  Rehn.  fl 

After  closure  of  the  w^ound,  with  or  i^ithout  drainage,  administration 
of  urotropin  is  probably  advisable,  since  Crowe  has  found  that  it  is  excreted 
in  the  pleural  and  pericardial  fluids  in  a  concentration  sufficient  to  inhibit 
the  growth  of  bacteria;  and  Bernheim  believes  that  its  use  increases  the 
resistance  of  these  membranes  (in  dogs  at  least)  to  infection.  It  has, 
moreover,  no  harmful  effects,  ^m 

Results  of  Operation. — Since  Rehn's  first  operation  a  large  number  of| 
cases  have  been  report^^d.  In  1907  he  was  able  to  collect  statistics  of  124 
cases— 49  recoveries  (39.5  i>er  cent,),  75  deaths  (60.5  per  cent.).  In  this 
series  there  were  only  15  cases  of  gunshot  wound,  but  in  a  aeries  of  30 
cases  of  the  latter  compiled  from  the  series  of  Ricketts,  Borchardt,  and 
Rehn,  there  were  14  recoveries  (46.6  per  cent.)  and  16  deaths  (53.4  per 
cent.).  Of  the  75  deaths  in  Rehn's  series  16  died  on  the  operating  table, 
17  died  of  loss  of  blood  and  collapse  within  two  days,  30  died  of  infection 
(purulent  pericarditis  and  empyema).  In  many  cases  the  haste  of  operation 
prevented  disinfection  of  the  field.  One  patient  (Gerzen's)  died  of  sudden 
hemorrhage  on  the  fifty -third  day.  Rehn  also  collected  reports  of  12  cases 
from  nine  months  to  ten  and  one-half  years  after  operation.  In  nine  exam- 
ination of  the  heart  was  negative;  in  three  there  was  slight  dilatation. 
There  were  costopcri cardial  adhesions  in  5;  9  were  absolutely  free  from 
symptoms;  2  had  pains  down  left  arm;  1  precordial  pain.  Only  one  ha 
symptoms  of  definite  cardiac  weakness. 

G.   T.   Vaughan   ha.H  recently   summarized  and   tabulated    1.50  cases 
operated  on  between  1890  and  1909,  of  which  51  (34  per  cent.)  recovered^ 
a  striking  contrast  to  the  12  per  cent,  of  recoveries  in  the  earlier  years  ! 
which  Fischer's  series  waa  taken. 
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Injuries  of  the  chest  wall  which  do  not  enter  the  pericardium,  such  as 
blows  upon  the  chest,  frequently  produce  secondary  lesions  of  the  heart 
and  pericardium,  which  have  been  mentioned  in  previous  chapters. 
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The  first  case  of  cardiac  disease  from  contusion  was  recorded  by  Blan- 
card  in  1688  and  is  very  typical.  The  patient  was  a  peasant  45  years  of 
age,  previously  healthy,  who  was  run  over  by  a  hay-cart.  He  did  not 
sustain  any  fracture,  but  suffered  from  pain  in  the  chest,  dyspnoea,  then 
fever,  delirium,  and  died  11  days  later  of  purulent  pericarditis  and  myo- 
carditis. Similar  cases  were  recorded  by  Bonetus  (1700),  Akonside  (1766), 
and  numerous  other  writers  both  ancient  and  modern. 

Bernstein  in  1896  was  able  to  collect  126  cases  from  the  literature. 
In  autopsies  upon  42  of  these  cases  there  was  found 

Endocarditis  alone 16  times 

Myocarditis       "    0 

Pericarditis       "    10 

Endo-  and  myocarditis 4 

Peri-    and  myocarditis 5 

Endo-  and  pericarditis 5 

The  signs  and  symptoms  appeared: 

Immediately  after  the  trauma 67 . 6  per  cent. 

Within  one  month 17.5  "      " 

Within  one  year 4.7  "      " 

Later  than  one  year 7.1   "      " 

Time  not  given 3.1   "      " 

G.  Fischer  gives  a  list  of  the  causes  of  traumatic  rupture  of  the  heart 
in  his  series: 

Rmi  over  by  or  crushed  between  wheels  of  wagon 21 

Crushed  by  machinery 4 

Falls  from  considerable  heights 13 

Falls  from  heights  of  10  feet  or  less 7 

Struck  by  falling  objects 6 

Kicked  in  chest 4 

Hurled  against  wall 2 

Kiilbs  has  recently  investigated  the  subject  experimentally.  The 
results  in  23  animals  within  12  days  of  the  injury  were: 

Hemorrhages  into  the  heart  valves 17  times 

<1  rupture  of  an  aortic  valve) 

Subendocardial  or  subpericardial  hemorrhages 10  times 

extensive  hemorrhage  into  the  septum 3  times 

Pericardial  hemorrhages 10  times 

Hemorrhages  from  lungs 6  times 

There  was  polymorphonuclear  infiltration  and  disintegration  of  muscle  fibres  in  the 
vicinity  of  the  hemorrhages. 

The  symptoms  and  signs  of  these  conditions  following  trauma  do 
not  differ  from  those  in  similar  lesions  due  to  other  causes,  and  have 
been  considered  under  those  heads. 
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Fu..  20.V-    - 

"VcsbUub  (1543)  wa«  the  first  to  recognize  aneurisms  within  the  thorax  and  abdomen 
and  was  even  able  to  make  the  diagnosis  of  thoracic  uneuriBm  duritisr  Hfe.  AinbroiBC  Par6 
(sixteenth  century)  recognized  tlie  existence  of  "  aneuristii  by  anastomosis,  rupture,  erosion, 
and  wound  aloii|tr  with  (he  fre(]uency  of  throtiiliosis  within  the  sack."  He  wna  also  the  first 
to  suppest  tlial  vcnt'real  «lisea.se  was  a  factor  in  the  genesis  of  aneurism.  The  r<ile  of  sypliilis 
was  demonstrated  <k>finitely  by  Lanci«i  (172S).  The  next  great  step  wa.s  made  by  Scarpa 
(1S05),  wlio  demonstrated  that  the  most  important  mechanical  factor  was  weakening;  of  the 
middle  layer  of  the  arterial  wall,  a  fact  which  baa  furnisheil  a  biisis  for  the  more  modem 
pathology  of  aneurism. 

CLASSIFICATION  OP  ANEURISM. 

It  is  extreTiK'ly  difficult  to  make  a  satisfactory  classification  of  anpii- 
risms,  but  the  following,  which  is  based  upon  that  of  Osier,  Diay  suffice  for 
moat  purposes: 
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1.  True  aneurism  (aneun-sma  verum,  anetir>'sroaspontaneuin),  in  which  one  or 
more  of  the  coats  of  the  artery  fonn  the  walla  of  the  tumor. 

A.  D  i  5  a  I  ft  t  i  c>  n    aneurism. 

(a)  Sacculated,  in  which  the  bulging  or  out-pocketing  of  the  walls  does  not 

embrace  the  whole  circumference  of  the  artery  and  is  sharply  localized. 
(6)  Fusiform  (or  cylindroiti)  aneuriHm,  m  wiiich  the  dilatation  occurs  over  a 
larger  area  of  artery  whose  entire  circumference  is  involved  in  the  liilatation. 

2.  Dissecting  aneuripm,  in  which  the  coat^  of  the  artery  are  separated  and  a 
new  cavity  (sometimes  lined  with  endothelium)  is  fonned  l>etween  these  layers  (iisuaJly 
between  media  and  adventitia). 

3.  Ffllee  aneurism,  following  wound  or  nipture  of  an  artery,  consiating  of  a  peri* 
arterial  hjeinatoma,  all  the  coats  of  the  artery  having  been  [>enetrated. 

4.  Cirsoid  aneurism  or  lelangioma,  a  tumor  consisting  *jf  a  large  number  of 
tortuous  arteries  which  are  continuous  with  the  arterj'  from  which  they  arise. 

5.  Arteriovenous  aneurJHm.  a  coniniunicution  l>et  ween  artery  and  vein,  either 
direct,  aneuriamal  varix,  or  with  the  intervention  of  a  sac,  varicoee  aneurism. 


ARTERIES    AFFECTED, 

By  far  the  moat  common  forms  are  the  true  aneurisms,  fusiform  and 
sacculated.  The  relative  frequency  in  the  various  arteries  is  sho^Ti  in  the 
following  statistics  of  530  cases  (Crisp): 

Thoracic  aorta, ,.,.,. 175 

Pophteal  artery 137 

Femoral  artery 66 

Abdoiiiitial  aorta 50 

Carotid  artery, , 25 

Subclavian  artery 23 

Axillary  artery IS 

EIxt<:rnal  iliac  artery , 9 

Cerebral  artery 7 

Common  iliac  arter>* 2 

Posterior  tibial  art-ery 2 


Gluteal  artery. 
Pulmonary  artery. . 
Brachial  artery. . . . 
Subscapular  artery. 
Ophthalmic  artery. 


2 
2 
1 
1 
1 


OCCURRENCE. 

According^  to  a  large  set  of  statistics  compiled  by  Riohter  and  by  Am- 
sperger,  aneurism  of  the  aorta  represents  one  of  the  not  infrequent  causes 
of  death,  0.6  per  cent,  of  total  mortality  (Emmerich),  Rrodier  1.2  per  cent., 
MiUler  1.49  per  cent.;  in  American  cities  0.6  per  cent.,  Philadelphia  0.6  per 
cent.,  St.  Louis  0.2  per  cent. 

According  to  Gibbons  and  Richter  the  percentage  of  deaths  from  aneurism  in  8aa 
Franciseo  from  180t>  to  1870  (1.35  per  cent.)  waa  much  greater  than  elsewhere  in  the 
United  States.  Dr.  GibboiiH  haa  informed  the  writer  that  aneurism  at  that  time  was  par- 
ticularly common  among  stevedores,  who  formeil  a  considerable  percentage  of  the  populn* 
tjon,  and  in  whom  syphilis,  alcohol,  and  hard  work  wore  ever-present  factors.  With  the 
passing  of  the  adventurer  and  the  stevedore  as  imjwrtant  element*  in  the  population,  the 
percentage  of  aneurism  in  San  Francisco  has  diminished,  being  0.90  per  cent,  in  1880-1884, 
0.42  i^er  cent,  in  1890-1894.  0.33  per  cent,  ixi  1900-1901  (Gibbons). 

On  the  other  hand,  in  communities  where  syphilis  is  common  the  fnv 
quency  of  aneurism  increases.  Thus,  it  is  eleven  times  more  common  in  the 
British  Armj'  in  India  than  in  the  civilians  at  homcj  and  much  more  conimoo 
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in  the  British  than  in  the  Austrian  and  German  armies,  where  venereal  dis- 
ea^  is  five  times  less  prevalent. 

Aortic  aneurism  is  much  more  common  in  men  than  in  women. 

Criup 67  women  out  of  551  cases 

Agnew .   '2<i  women  out  of  269  cases 

Ltsfnuic V-i  women  out  of  l.>4  cases 

Richter 58  women  out  of  736  cases 


50  lo  ()0  65 

GO  to  70 25 

70  to  80 8 

SO  to  90  , , 2 

90  to  101 1 


164  women  out  of  1810  cases 
9.05  percent.,  or  1  in  11. 

On  the  other  hand,  48  per  cent,  of  cases  of  carotid  aneurism  and  66  per 
cent,  of  dissecting  aneurisms  occurred  in  women. 

As  regards  age  Crisp's  cases  were  distributed  as  follows: 

1  to  10  .  1 

10  to  20  .  .  71 

20  to  30  ...  .  ...   51 

30  to  40  19H 

40  to  50 .  129 

59  per  cent,  between  the  ages  of  thirty  and  fifty. 

As  regards  site  Lawson  gives  the  following  figures : 

Aacentiiiig  aorta 34 .     per  cent. 

Arch  of  aorta . S4  8  per  cent. 

Descending  aorta 17,4  per  cent. 

AbdomittJiI  aorta 13 . 8  per  cent. 

Hare  and  Holder  find  in  953  cases  collected  indiscriminately: 

Ascending. , 570  =  00 .     per  cent. 

Transverse  arch. 104  =  10.6  per  cent. 

Descending 110  =  11.5  per  cent. 

UncIaHsified 169  =  17. 5  per  cent. 

figures  which  are  certainly  unusually  high  for  the  ascending  portion. 

Aneurisms  are  by  no  means  always  single,  but  may  sometimes  be  mul- 
tiple. Two,  three,  *'or  even  a  score"  may  appear  along  the  course  of  the 
aorta,  or  numerous  aneurisms  may  be  present  in  the  peripheral  arteries. 
The  condition  is  simply  the  manifestation  of  the  generalized  action  of  the 
factors  of  sclerosis  and  blood-pressure  on  the  arterial  walls,  and  multiple 
aneurism  formation  is  one  of  the  features  of  experimental  adrenalin 
aortitis  (Erb,  Jr.). 

The  symptoms,  signs,  and  diagnosis  present  no  specific  features,  except 
the  ease  mth  which  the  other  aneurisms  may  be  overlooked  after  one  is 
diagnosed.  Careful  examination  and  especially  fluoroscopic  examination 
will  prevent  this  error. 


PATHOLOGICAL   ANATOMY    AND    PATHOGENESIS. 

No  change  of  pressure  that  can  occur  during  life  is  sufficient  to  dilate 
an  arteiy  to  the  proportions  of  even  the  smallest  aneurism.  According  to 
the  elasticity  curve  of  Royp  the  dilatation  occurring  between  the  blood- 
pre.'isure  of  120  and  170  mm.  Hg  is  about  20  per  cent,  of  the  diameter  of  the 
artery,  and  the  results  of  Clrehant  and  Quinquaud  show  that  very  httle  fur- 
ther dilatation  occurs  if  pressure  is  raised  until  the  artery  ruptures  (at  a  pres- 
sure of  1G.S0  to  4630  mm.  Hg;  10  to  20  times  the  blood-pressure  during  life). 


FtO.  298, — AneilriMn  wf  l)nr  trnnsverj-e  portion 
ot  the  aorlir  arch  pmietratinK  through  the  Ht«mutn. 
(Fruui  u  Hp«ciiiieu  iu  the  Anny  Medical  Mutteum,) 
IS\OM.,  innominate  artery;  A.  ('AH.,  left  carotid 
ftrtery;  L.  SCB..  left  sublavjau  artery;  D.  AOR., 
deacetiiluig  aorta. 


Fiu.2VlU.^An«urijimof  tl,.-.|.-irii<JiiiKii<>itA<-riNlin8 
th«  vertebra.    The  sac  cuntuju;.  a  Uimnattsd  clot. 
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Chan£:es  in  Arterial  Wall  in  Aneurism. — On  the  other  hand,  as  was 
first  shoAvn  )>y 'Scarpa  (1805),  aneurisnia!  dilatation  is  always  preceded  by 
changes  in  the  arterial  coats  and  especially  by  weakening  of  the  media. 
In  1875  Koester  showed  that  this  was  due  to  localized  degeneration  of  the 
elastic  fibres  as  the  result  of  certain  inflammatory-  changes  in  the  vasa 
vasorum  of  the  media.  "The  inflammatory  process  begins  in  the  vasa 
vasorum  on  the  exterior  of  the  blood-vessel,  follows  them  perjx'ndicularly 
into  the  niuscularis  (media),  and  distributes  itself  within  this  layer,  being 
most  intense  at  the  places  where  the  vasa  vasorum  break  up  into  capillaries. 
As  a  result  of  thb  chronir  multilocular  mesarteritis,  the  media  (muscle 
fibres  and  elastic  fibres)  degenerate.  The  intima  (which  may  be  thickened) 
and  the  adventitia  unite  to  form  a  thick  and  ver>^  vascular  membrane 
which  forms  the  wall  of  the  aneurism."  Since  these  studies  of  Koester, 
writei-s  are  practically  agreed  that  the  degeneration  of  elastic  tissue  result- 
ing from  mesarteritis  is  the  underlying  cauae  of  aneurism  formation. 


WALL 


Fia,  3(X),^-6ection«  through  the  wall  of  an  ftn«ui  i.      .  I  >:.  i ". .-.  I .  .i.,i. , 

A.  S<>ct]on  Ihroiigh  t)ie  wall  of  un  iiaeiiri.«Tn  .<liamnK  th<f  ri'vt  ii[ii<rpi[i];e<i.      i^.   i 'mm  iiiaia  »<}iuwiug  itao 
detftructiuu  i>f  elastic  lisaue  iti  tlie  aueu^i^<ul  wall.     Eladtic  Usoue  (EL AS)  aiained  dark. 

Simple  arteriosclerosis  in  which  thickening  of  the  intima  is  the  essential 
feature  does  not  weaken  the  wall  of  the  artery  and  plays  no  role  unless  the 
media  be  destroyed.  This  fact  is  further  borne  out  by  the  experimental 
changes  in  the  artery  produced  by  injection  of  adrenalin  (see  page  343). 
The  resulting  lesion  is  a  mesarteritis  without  changes  in  the  intima,  quite 
dissimilar  to  the  ordinary  arteriosclerosis  of  man;  but  aneurisms,  and  even 
nmltipte  aneurisms,  are  pi-esent  in  a  large  percentage  of  the  animals.  Other 
toxic  substances,  bacterial  toxins,  lead,  alcohol,  nicotin,  lactic  and  other 
■  acids,  etc.,  produce  these  changes. 

m  Fabris  has  also  produced  aneurisms  by  external  cauterization  of  the 

I  arterial  wall  with  silver  nitrate.     A  local  inflammation  was  thus  set  up  in 

B  the  adventitia  and  media,  which  resulted  in  degeneration  of  the  fibres  of 

^       the  latter  and  their  replacement  with  young  fibrous  tissue  devoid  of  elastic 
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fibres.    In  a  few  cases  there  was  slight  intimal  thickening.    The  resistanc 
of  such  a  fibrous  tube  is  less  than  that  of  an  elastic  tube,  and  aneiirismaJj 
dilatation,  sometimes  localized,  sometimes  fusiform,  took  place  in  from 
20  to  25  days. 

Etiolo^caJ  Factors. — In  man  the  etiological  factors  of  aneurism  arej 
those  that  produce  mesarteritis.     Chief  among  thef<e  is  syphilis,  which,  aa| 
first  noted  by  Ambroise  Pare  antl  Lancisi,  if*  concerned  in  a  very  large  per- 
centage of  the  cases  (Klemperer  25  per  cent.,  Fraenkel  36  per  cent.,  Puppe 
36  per  cent.,  Trier  40.5  per  cent.,  Heiberg  41.87  per  cent.,  Braniwell  50  perj 
cent.,  Thieberge  50  per  cent.,  v.  Noorden  54  per  cent.,  Gerhardt  56  per  cent.,i 
Schutz  64.7  per  cent.,  Welch  66  per  cent.,  Etienne  BfJ  per  cent.,  Malmsen^ 
SO  per  cent.,  Hanpcln  82  per  cent.,  Backhaus  So  per  cent.,  Heller  85  per 
cent.,  Rasch  92  per  cent.).    This  is  especially  true  of  aneurisms  occurring  , 
in  young  men  and  women,  when  the  other  factors  of  arteritis  play  a  rela-| 
tively  less  marked  role  than  in  later  life;  so  that,  as  stated  by  Professorl 
Osier,  the  presence  of  an  aneurism  in  a  man  or  woman  under  thirty  ia\ 
almost  to  be  regarded  as  pi'csuniptive  evidence  of  syphilis.     Moreover, 
syphilitic  aortitis  is  often  mo.st  intense  in  the  first  part  of  the  ascending, 
, aorta,  hence  the  commonness  of  the  lesion  at  this  site  (Heller),     It  musti 
be  added,  however,  that,  though  the  careful  re.searches  of  Ophids  have 
failed  to  substantiate  this  general  belief,  a  positive  Wassermann  reaction 
is  usually  obtained  in  such  cases. 

Other  factors  are  alcohol,  hard  work,  lead  poisoiung,  tobacco,  gout,  I 
nephritis,  and  especially  the  infectious  diseases.     Trauma  (blows, » gunshot  I 
and  knife  wounds,  etc.)   furnishes  a  frequent  cause  for  aneurisms  of  the 
peripheral  arteries  and  abdonunal  aorta,  but   is  much  rarer   in  thoracic 
aneurisms.    Cases  like  that  described  by  Plinsh  and  Robins  show,  however,J 
that  it  is  a  factor  to  be  reckoned  with.    The  relative  importance  of  these] 
factors  is  shown  by  the  figures  of  Etienne,  who  found  syphilis  as  a  causei 
of  166  out  of  230  aneurisms,  while  alcoholism  was  present  in  only  2S.     More- 
over, according  to  Hamilton,  aneurisms  are  extremely  rare  in  sanitaria 
for  alcoholics.     They  are,  however,  most  important  contributory  causes, 
not  only  increasing  the  arteriosclerosis  but,  by  raising  the  blood-pressure, 
increasing  the  liability  to  dilatation.     Thus,  aneurisms,  according  to  most] 
writers,  are  particularly  common  in  syphilitics  who  perform  hard  work. 
This  is  exquisitely  shown  in  the  colored  patients  at  the  Johns  Hopkins' 
Hospital,  in  whom  syphilis  is  very  common  and  who,  as  a  rule,  perform 
hard  work.     Among  these  persons  aneurisms  are  between  five  and  ten  times 
as  common  as  in  the  patients  in  tlie  white  warils  of  the  same  hospital.    The 
sudden  rise  of  blood-pressure  which  occurs  during  lifting  and  heavy  strains 
(cf.  page  188)  is  a  particularly  important   predisposing  factor,  and   the 
patient  often  notices  that  his  first  symptoms  occurred  at  the  time  of  a] 
heavy  muscular  strain  or  began  just  afterwards. 


EMBOLIC  .\ND  MYCOTIC  ANEURISMS. 

A  somewhat  rarer  form  of  aneurism,  described  by  Tufnell  (1853),  Ogle 
0H6G),  Church  (1870),  Smith  (1870),  Ponfick  (1873),  and  Weinberger 
(1907),  is  the  so-called  embolic  or  mycotic  aneurism,  which  arises  especially 
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during  the  course  of  acute  septica?mias,  of  puerperal,  arthritic,  and  influen- 
zal origin.  Septic  emboli  become  lodged  ac^tridc  of  the  bifurcation  of  the 
sraalter  arteries,  causing  necrosis  of  the  neighboring  portions  of  the  arterial 
wall,  which  may  proti*ude  or  form  a  true  aneurism,  or  may  rupture  into 
the  surrounding  tissues,  forming  a  false  aneurism.  These  arise  acutely 
during  the  course  of  the  febrile  tlisea,ses.  They  are  usually  multiple  and 
are  confined  to  the  smaller  arteries,  while  the  sclerotic  aneurisms  are  more 
common  in  the  larger  arteries. 
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DEVELOPMENT  OF   THE    ANEURISM. 

Once  formed,  the  aneurismal  sac  expands  progressively,  usually  pushed 
outward  from  the  artery  along  the  lines  of  the  least  resistance  until  it 
meets  with  some  obstruction.  The  higher  the  blood -pressure  the  more 
rapid  is  the  dilatation.  When  pointing  freely  into  the  tlioracic  cavity,  it 
may  expand  until  it  fills  almost  the  entire  half  of  the  cavity  befoi-e  ruptur- 
ing. On  the  other  hand,  if  the  proUfe ration  of  connective  tis.sue  in  the  wall 
of  the  aneurism  does  not  keep  pace  with  its  growth,  or  if  local  necrosis 
from  infection,  pressure,  or  irritation  takes  place,  a  secondary  bulging  will 
take  place  at  this  point,  and  it  finally  ruiitures  there.  A  rupture  is  especially 
precipitated  by  high  blood-pressure,  such  as  occurs  on  exertion,  and  sufl- 
den  deaths  from  this  cause  are  quite  common  in  aneurism. 

When  the  wall  of  the  sac  presses  upon  neighboring  tissues  it  begins 
to  erode  them.  The  pressure  acts  in  the  following  way:  First,  it  cuts  off 
the  blood  supply  to  the  neighborhood  because  the  pressure  within  it  (aortic 
pressure)  is  greater  than  that  in  the  smaller  blood-vessels.  Secondly, 
necrosis  of  these  tissues  results  from  this  compression.  Thirdly,  the  products 
of  necrosis  are  absorbed  by  the  cells  in  the  tis.sues  of  the  very  vascular  w^all 
of  the  aneurism  as  fast  as  they  are  produced.  Bone  tissue  too  is  absorbed 
by  the  activity  of  the  osteoclasts,  and  the  wall  of  the  sac  thus  advances 
gradually  through  the  chest  wall  verj*  much  as  a  tumor  might  do,  though 
without  the  intervention  of  abnormal  celts.  Thus,  the  aneurism  eats  its 
way  through  muscle,  cartilage,  bone,  nerves,  and  skin,  and  also  through 
the  walls  of  the  other  vessels  (pulmonary  artery,  vena  cava,  etc.),  bronchi, 
and  cpsophagus,  always  forced  onward  in  a  straight  line  by  the  arterial 
pressure  in  the  aorta.  Hence,  aneurisms  usually  point  in  the  direction 
given  them  by  the  impact  of  the  blood  stream;  those  of  the  ascending  aorta 
pointing  to  the  right,  those  of  the  arch  poiuting  upward,  those  of  the 
descending  arch  pointing  backward  and  to  the  left  (Fig.  301).  However, 
resistance  of  surrounding  tissues,  and  especially  local  thinning  of  the  aneu- 
rismal  wait,  may  cause  its  course  to  be  deflected  somewhat  from  these 
typical  directions. 

Rupture. — The  excessive  thinning  which  results  in  perforation  fre- 
quently occurs  when  the  sac  has  just  penetrated  the  wall  of  one  of  the  sur- 
rounding structures, — bronchus,  a^^^ophagus,  etc., — no  tioubt  from  the  pi-ea- 
ence  of  local  infections  within  their  lumina,  and  sudden  death  may  result 
from  hemorrhage.  Or,  on  the  other  hand,  small  hemorrhages  may  occur 
irom  the  erosion  of  smaller  bronchial  or  oesophageal  arteries  (see  page  639) 
or  through  the  wall  of  the  aneurism  without  any  such  immediate  results. 
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Fi«.  301, — r<»iiipo»ile  figure  Hhowing  llie  rplations  of  various  aneurimii*  to  surroundinc  strucTurcikl 
(SchemAtic.)  OliS^  cL-BOpha£U»:  ^.V  SUBVL,  anpurism  of  the  subclavian  artery;  SVP.  \'.C^  KuperiafI 
vena  eavo;  AN  IWWOM,  aneurism  nf  th<<  innominate  tirlpry.  pointing  ihrouRh  the  skin;  A\  TR,  aneu-1 
rima  of  tlio  irausverse  portiuu  of  the  areli;  PJfREN,  phrenic  nene;  REC  LAR,  recurrent  lar)'ng«aJ;  | 
tt.  VA<r,  left  vastus;  />A ,  iJueluB  arteritwiiR  (Botalli  >;  AX.  P. A ..  aneurifim  of  the  pulmonnry  artery;  LBR,  ^ 
left  bfonclius;  .i  .V.  .S7,V  VA  LS,  aneuri?ni  arixinii  from  a  sinus  of  A'al-nh-a;  .1  .V.  R.  COR  and  A  .V.  L.  COR^ 
anrurixm  uf  right  and  Ipft  coronary  arteries;  AN  /?.4,  aneurism  of  right  auricle;  /t.V.  L.V.,  aaeuriato  of  left  | 
vcntriele.     The  arrows  show  the  directionii  in  which  the  aneurismfl  u«iudJy  piHOt. 

or  brawny  hue.  The  whole  process  usually  requires  a  few  months,  but  it 
may  occur  more  rapidly.  On  the  other  hand,  in  a  case  devscribed  by  Hirsh 
antl  Robins  tlie  puLsatiiit;;  tumor  upon  the  chest  remained  practically 
unalteretl  in  sixe  for  twenty-five  years,  durinj^  whirh  the  patient  continued 
to  do  heavy  work.  Finally,  however,  a  stage  is  reached  at  which  a  small 
perforation  appears,  oozing  blood,  and  soon  after,  with  a  rush  of  blood  like 
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the  bursting  of  a  dam,  the  aneurism  ruptures  and  the  patient  bleeds  to 
death  within  a  few  minutes. 

The  rupture  into  the  bronchus,  trachea,  or  oesoph- 
agus proceeds  in  the  same  way.  There  is  usually  a  slight  premonitory 
haemoptysis.  This  generally  occurs  a  few  days  before  death,  but  may  not 
occur  until  a  few  hours  before  the  final  rupture;  or,  as  in  the  case  reported 
by  Clarke,  it  may  be  present  for  months.  At  the  final  rupture  the  blood 
spurts  out  of  the  patient's  mouth  and  nose  and  may  even  be  projected 
several  feet  away  from  the  bed. 

On  the  other  hand,  when   the   aneurism   ruptures  inter- 
nally into  one  of  the  cavities  of  the  body,  the  symptoms  are  quite  differ- 
ent.    The  patient  feels  something  giving  way  within,     Sudden  collapse, 
asthmatic   attack,   and    gradual    exsanguination   mark    rupture    into  the 
pleura.     Rupture  into  the   pericardium   is   attended  with   intense   pain, 
breathlessness,    collapse,    an    an^nal    attack,    and    occasionally    a    con- 
vulsion.    In  rupture  into  the  pericardium 
death    is    accelerated    by   cutting   off    the 
venous   inflow,    just    as    in  simple   pericar- 
dial effusion,  only  within  a  minute  or  two. 
Of    course,    under   these    circumstances   no 
blood  appears  externally. 

Rupture  of  the  aneurism  into 
the  pulmona-ry  artery,  vena  cava, 
or  right  auricle  or  right  ventricle  some- 
times occurs.  The  symptoms  are  usually 
sudden  onset  of  dyspnoea,  weakness,  often 
collapse,  and  extreme  cyanosis,  which  ends 
in  death  after  a  period  varying  from  sev- 
eral hours  to  several  months,  the  heart  being  unable  to  accommodate 
itself  to  the  sudden  changes  in  the  distribution  of  blood. 

However,  in  a  large  percentage  of  cases  (863  cases — 47  per  cent. — of 
Arnold's  1S29  cases)  death  from  aneurism  is  not  due  to  rupture 
of  the  aac  but  "from  pressuiT  of  the  sac  upon  important  nerves  and  blood- 
vessels, or  from  secondary  changes  which  take  place  in  these  tissues  and  in 
other  vital  organs,  as  a  direct  or  indirect  result  of  such  pressure."  In  154 
cases  without  rupture  the  causes  of  death  were: 

Obstruction  to  air-passages Gfi 

ExhauBtioii 50 

Affections  of  iunjsp  and  pteura 28 

Pericardial  afTections 8 

Pressure  on  the  vena  cava  aujwrior 1 

Collapse , 1 

Clotting  within  an  Aneurism. — The  heahng  of  an  aneurism  occurs  by 
clotting  within  the  sac.  Since  the  latter  ia  lined  by  arterial  intima,  there 
is  under  orilinary  circum.'itances  no  more  reason  for  clotting  to  take  place 
there  than  elsewhere  in  the  artery.  As  shown  by  Malt  ami  Welch,  arterial 
thrombosis  occurs  quite  suddenly  when  the  circulation  is  stowed  and  pulsa- 
tion disappears,  especially  if  there  is  some  injury  to  the  wall  of  the  artcrj', 
and  this  is  a  most  important  factor  in  bringing  about  thrombosis  withvT*. 


Fio.  302. — Tracinga  of  the  outUnv 
of  %a  aneurifini  of  the  innominate  artery, 
showing  the  progress  of  Itx  growth  and 
the  formation  of  Bctondarj-  prominences 
upon  its  iiurface.  (Trarings  made  on 
Nov.  11,  Nov.  23,  and  Dec.  2.)  On»- 
third  natural  eise. 
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an  aneurism,  though  some  fibrin  ferment  mu.st  be  present.  As  a  rule, 
fusiform  aneuri.sm^  the  circulation  i:*  too  strong  and  rapid  for  coagrulatioi 
to  set  in,  but  in  sacculated  aneurisms  a  certain  amount  of  fibrin  collects 
along  the  wall.  Each  layer  of  fibrin  serves  as  a  filter  for  leucooytes,  from! 
which  more  fibrin  ferment  is  generateti  and  a  second  layer  laid  down,  and 
so  on  until  occaisionally  the  entire  aneurism  may  be  filled  spontaneously 
by  a  laminated  clot. 

Owing  to  the  large  area  and  great  thickness  of  the  fibrin  deposited, 
and  to  the  fact  that  the  intimal  endothehum  is  in  most  places  still  intact, 
there  is  little  entrance  of  fibroblasts  into  the  clot  and  little  organization 
goes  on.  The  aneurismal  clot  is,  therefore,  not  converted  into  a  solid  mass 
of  connective  tissue  as  in  endarteritis  or  thrombo-angeitls  obliterans,  but 
remains  simply  laminated  fibrin.  Deposits  of  calcium  salts  sometimes 
occur  upon  them,  however,  and  tend  to  convert  the  obliterated  aneurism 
into  a  solid  tumor. 

SYMPTOMS. 

The  signs  and  symptoms  produced  by  aneurisms  vary  greatly,  and 
depend  upon  the  site  at  which  they  occur  along  the  aorta,  so  that  Broad- 
bent  has  been  "led  to  divide  thoracic  aneurisms  into  two  classes, — namely,^ 
aneurisms   of   physical   signs   and   aneurisms   of    symp "^M 
toms,  from  the  predominance  of  physical  signs  and  symptoms  respec-      ' 
tively, — the  former  term  applying  to  aneurisms  of  the  ascending  aorta 
and  first  part  of  the  arch,  the  latter  to  aneurisms  of  the  transverse  and 
descending  portions  of  the  arch," 

The  symptoms  produced  by  aneurisms  arise  secondarily  as  the j 
result     of     pressure    upon    surrounding    structures.     Shortness    o  f  j 
breath  is  frequent,  resulting   both  from  pressure  on  the  trachea  andJ 
bronchi  and  from  concomitant  disturbances  in  the  circulation  (embarrass-| 
ment  of  heart  action,  stasia  from  pressure  on  veins).    Cough  is  a  common 
symptom,  from  pressure  upon  the  recurrent  laryngeal  nerves  as  well  as 
from  bronchitis  as  a  result  of  pressure  (occasionally  from  tuberculosis). 
The  pressure  on  the  laryngeal  nerve  causes  paralysis  of  the  corresponding 
vocal  cord  and  gives  the  cough  a  peculiar  metallic  quality  known  as  "the 
goose  cough,   brassy  cough,  stenotic  cough,  paretic   cough," 
etc.    It  is  really  the  cough  characteiistic  of  paralysis  of  one  vocal  cord,  and 
it  is  characteristic  of  aneurism  only  in  so  far  as  that  the  latter  is  the  com- 
monest circulatory  disturbance  in  which  laryngeal  paralysis  is  a  symptom. 

Paroxysmal  dyspnoea  may  occur,  and  especially  in  certain 
postures  in  which  the  trachea  and  bronchi  are  pressed  upon  by  the  aneurism. 
This  * '  a  s  t  h  m  a ' '  is  the  most  common  symptom  of  patients  presenting 
themselves  for  treatment,  and  careless  physicians  often  accept  its  presence 
as  the  final  verdict,  remaining  oblivious  to  the  true  nature  of  the  disease. 
Attacks  of  dyspnoea  or  suffocation  very  commonly  come  on  during  sleep 
when  the  laryngeal  muscles  relax  and  narrow  the  larvTigeal  slit.  They 
occur  especially  when  the  patient  falls  into  an  unpropitious  position,  so 
that  he  soon  finds  it  most  convenient  to  -sleep  bolstered  upright  and  leaning 
slightly  forward  with  chin  depressed.  This  position  affords  the  maximum 
space  about  the  air-passages  with  the  minimum  of  tension  upon  them. 
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Not  infrequently  a  small  aneurism  of  the  arch  pointing  backward 
and  pressing  upon  the  trachea  or  bronchi  may  cause  actual  suffoca- 
tion, for  which  tracheotomy  may  t>e  necessary.  In  some  cases,  however, 
the  aneurism  may  be  situated  so  low  that  it  may  be  impossible  to  do  the 
tracheotomy  below  the  area  compressed.  The  only  possible  means  of  relief 
is  then  to  dissect  or  pull  the  aneurism  away  from  the  trachea,  or  to  intro- 
duce a  metal  tutx»  into  the  latter  and  thus  hold  the  trachea  open  at  the  point 
compressed.  This  procedure  is,  of  course,  extremely  diflicult,  and  under 
all  circumstances  great  dyspnoea  from  pressure  on  the  trachea  is  in  itself 
a  dangerous  symptom. 

P  a  i  n  is  a  common  symptom  in  aneurism,  and  may  be  of  three  kinds: 

1.  Angina  pectori s — reflex  referred  pain  over  the  heart  or  down  the  arm. 
This  bs  especially  common  tu  early  aneurism  at  the  beginmng  of  the  ascending  aurta  and 
from  the  sinus  of  Valsalva,  and  is  probahly  due  to  ciianges  in  or  pressure  upon  the  aortic 
plexus.    After  these  changes  huve  been  long  establiahed  tlus  pain  may  diaappear  (Osier). 

2.  Sharply  localized  pain  may  arise  in  or  about  the  aneurism  itself  when 
its  walls  arc  pressed  upon,  or  even  spontaneously,  and  especially  when  tt  begins  to  erode 
the  chest  walh 

3.  A  second  form  of  referred  puin  ariw*  without  reflex  rneehanism  directly 
from  pressure  upon  tlie  intercostal  nerves  and  those  of  the  brachial  plexu.s,  eHi»ecially  in 
aneurismB  of  the  transverse  and  descentliuK  aorta.  The  latter  may  ^ive  rise  to  pain  in  the 
back,  Hhoid(]er'blaile.s,  and  sides  aiKl  also  down  the  arm,  and  may  for  ti  while  ^ye  mistaken 
for  interco«tal  neuralpia  or  for  the  pain  of  fileurisy.  Pain  down  the  arm  is  especially  com- 
mon when  the  aneurism  involves  the  innominate  or  subclavian  arteries,  particularly  when 
the  return  of  venous  blood  is  interfered  with  by  pressure  on  the  veins. 

Difficulty  in  swallowing  and  the  feehng  of  a  lump  in  the 
throat  may  result  from  pressure  upon  the  cesophagus,  especially  when  the 
aneurism  is  adherent  to  it  or  in  infiltrating  its  walls.  This  is.  of  course, 
characteristic  of  aneurisms  of  the  descending  portions  of  the  arch  and  to  a 
less  degree  of  the  descending  aorta.  It  is  not  at  all  a  rare  symptom,  and 
yet  is  by  no  means  as  common  as  might  be  expected  even  when  the  aneurism 
is  large. 

PHYSICAL   SIGNS. 

1.  The  presence  of  a  vLsible  mass  upon  the  chest  wall  or  elsewhere 
showing  a  pulsation  of  an  elevation  which  begins  about  0.05-0.10  second 
later  than  the  ventricular  systole  (or  the  first  heart  sound),  and  which  on 
palpation  is  felt  to  be  forcible  and  expansile  in  character  (i.e.,  presses 
outward  in  all  lUrections).  The  shock  with  the  first  sound  is  usually  well 
felt  and  often  accompanied  by  a  thrill;  and  a  diastoHc  shock  accompanying 
the  second  sounti  is,  when  present,  almoat  characteristic'  On  auscultation 
there  is  usually  a  systolic  murmur  heard  over  the  aneurism,  and  occasionally 
a  diastolic  murmur  when  the  blood  flows  back  into  the  aorta  during  (liastole^ 
especially  through  a  narrow  opening.  This  is,  of  course,  most  common 
and  moat  marked  when  aortic  insufficiency  is  present,  either  organic  or 
relative,  resulting  from  the  general  cUlatation  of  the  aorta. 

Long  before  an  aneuri.sm  perforates,  and  in  many  ca.ses  when  it  is 
not  pointing  outward  but  upward  toward  the  episternal  notch  or  clavicles, 

*  The  writer  has  seen  one  case  of  hypernephroma  of  the  thigh  in  which  a  diastolic 
shock  was  pulpiibk',  but  this  is  rare  even  in  the  most  vascular  tumors,  such  as  the  vascular 
mediastimii  sarcomata. 
41 
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there  may  be  seen  a  diffuse  systolic  lifting  of  the  whole  cheat 
wall  or  of  the  parts  above  the  tumor.  The  localized  heaving  is,  of  course, 
most  marked  when  the  aneurism  is  in  the  vicinity  of  cartilages  or  articu- 
lationa  in  the  chest  wall  and  in  younger  individuals;  while  the  most  diffuse 
heaving  occurs  in  the  portion.«5  and  persons  where  the  ribs  and  sternum 
are  most  rigid.  The  impulse  thrill  and  shocks,  systohc  and  diastolic,  are 
also  frequently  present  when  no  heave  or  pulsation  can  be  seen. 

For  discerning  and  timing  shght  pulsations  the  writer  has  fre- 
quently found  it  convenient  to  hold  the  index  finger  a  few  millimetres 
away  from  the  chest  wall,  and  watch  for  either  a  periodic  narrowing  of 
the  slit  between  the  finger  and  the  chest  or  for  a  visible  movement  of  the 
ehadow  cast  by  the  finger  upon  the  chest.    For  the  latter  purpose  the  light 

should  strike  as  nearly  as  possible  paral- 
lel to  the  chest  so  as  to  magnify  the 
movement  of  the  shadow  (Fig.  303). 

When  aneurism  is  suspected,  it  is 
particularly  important  to  ex- 
amine the  patient's  back  as 
well  as  to  inspect  carefully  the  front  of 
the  chest.  This  precaution  was  always 
particularly  emphasized  by  one  of  the 
great  teachers  of  medicine  who  also  un- 
intentionally illustrated  its  importance. 
On  one  occasion  he  and  another  pro- 
fessor, who  w&s  visiting  the  clinic,  dem- 
onstrated to  the  junior  students  a  case 
of  suspected  aneurism,  but  sent  him  to 
the  wards  for  X-ray  exairfination  with- 
out having  examined  the  back.  The  absolute  diagnosis  was  at  once  made 
by  the  house  officer,  who  in  the  routine  examination  discovered  a  well- 
marked  pulsation  at  the  back  at  the  level  of  the  third  thoracic  vertebra. 
Dulness  on  percussion  is  of  course  present  over  an  aneurism  as 
over  other  tumors,  the  note  being  flat  when  the  tumor  is  near  the  surface, 
slightly  improved  when  it  is  deep.  Thi.'i  improvement  is  often  very  slight 
in  deeply  situated  aneurisms  of  the  arch,  and  percussion,  especially  in 
the  first  right  and  left  interspaces  and  over  the  manubrium,  should  be 
verj^  carefully  carried  out  when  aneurism  is  suspected.  The  exact  outlining 
of  an  aneurism  b^'  percussion  may  be  very  difficult.  The  area  of  dulness 
on  even  the  lightest  percussion  may  be  con.sidcrably  greater  than  that  of 
the  aneurism  itatdf  (just  as  is  true  of  the  cardiac  dulness,  see  page  147). 
The  uniform  dilatation  of  the  aortic  arch  (to  about  twice  its  normal  diame- 
ter) which  is  so  frequent  in  aorric  insufficiency  may  give  an  area  of  dulness 
over  and  on  both  sides  of  the  sternum  which  may  lead  to  a  diagnosis  of 
aneurism  (Fig,  311).  The  true  nature  of  the  condition  can  be  shown  only 
by  the  X-ray  (Fig.  308). 

In  large  and  in  deeply  situated  aneuriama  direct  percussion  of  the  ver- 
tebral spinefl  by  Koranyi's  method  may  show  an  unusual  dulness  over  the  corre- 
gpontUng  area  (esi>ecially  between  the  third  and  the  sixtli  thoracic  spines)  and  nmy  prove 
of  assiatance  in  estabiisliing  the  diagnosia.    It  is,  of  course,  of  no  value  in  those  aneurisms 
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Fio.  303. — Methud  of  Inj^perting  for  puUa- 
iion«.  E,  eye  of  ob«erver  looking  down  from 
nbove;  E',  eye  of  obnerver  upon  level  with 
pulKstiDg  arcA;  tineer  above  f^uisat^ng  area; 
8  and  S',  f«>iMiows  thrown  by  the  linger  upon 
the  pulnating  idbkh.  Solid  and  rlotted  linea 
repronent  the  outlines  uf  the  pubsating  inaM; 
arrowB  indicate  the  exteot  of  movement  «eeD. 
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of  the  arch  in  which  the  trachea  is  interposed  between  vertebwe  and  the  tumor.  The  heart 
IB  occasionally  very  much  displaced  by  an  anenrism  wlTiich  may  itself  come  to  occupy  the 
UBUal  sit<?  of  the  heart.  S?o  that  on  casual  examination  it  may  be  mistaken  for  the  latter. 
With  careful  auscultation,  however,  this  error  may  be  excluded. 

Pressure  upon  the  sympathetic  on  either  aide  may  give  rise  to  inequality 
of  the  pupils,  usually  with  a  dilatation  upon  the  affected  side.  In 
late  stages,  however,  the  sympathetic  on  that  side  may  be  completely 
destroyed  and  the  pupil  then  becomes  smaller  on  the  affected  side. 
The  dilatation  is  best  seen  when  there  is  moderate  illumination,  for  in  strong 
lights  the  reflex  pupillar  constriction  may  overcome  the  dilator  action  of 
the  sympathetic. 

Tracheal  Tug. — W.  S.  Oliver,  who  described  the  sign  in  1S7S,  gave 
the  following  dii^ctions:  "Place  the  patient  in  the  erect  position  and 
direct  him  to  close  his  mouth  and  elevate  his  chin  to  the  fullest  extent; 
then  grasp  the  ciicoid  cartilage  between  the  finger  and  thumb  and  use 
gentle  upward  pressure  upon  it;  when  if  dilatation  or  aneurism  exist  the 
pulsation  of  the  aorta  will  be  distinctly  felt  transmitted  through  the  trachea 
to  the  hand."  This  tracheal  tug  is  no  absolute  sign  of  aortic  dilatation. 
It  is  as  readily  produced  when  solid  mediastinal  tumors  or  enlarged  bron- 
chial glands  adhere  to  both  aorta  and  air-passages  as  from  aneurism. 

Sewall  finds  that  in  a  large  percentage  of  tuberculous  individuals 
(91  out  of  212 — 43  per  cent.)  a  slight  twitch  of  the  trachea  may  be  felt 
during  inspiration,  due  to  contraction  of  the  accessory  muscles,  but  this  is 
not  continuous,  not  synchronous  with  the  pulse-beat,  and  should  not  be 
mistaken  for  the  true  tracheal  tug.  Moreover,  in  his  large  series  of  obser- 
vations this  tracheal  twitch  of  non-aneurism al  origin  was  always  confined 
to  inspiration.  Sewall  found  it  particularly  common  in  cases  of  tuberculo- 
sis or  old  pleurisies  in  which  there  was  adhesion  to  the  left  pleura.  Medias- 
tinal arlhesions  anchoring  the  aorta  to  the  air-passages  can  produce  it. 
Wenckebach  has  also  called  attention  to  the  fact  that  it  may  occur  in  cases 
of  enteroptosis,  in  which  the  heart  is  p\illed  downwartl  with  the  fiver,  and 
the  arch  of  the  aorta  thus  maile  to  pull  upon  the  bronchi.  (This  is  well 
illustrated  by  the  patient  mentioneii  on  page  703.)  The  tracheal  tug  is 
most  marked  in  inspiration. 

Tracheal  Percussion  Shock  (Smith).— H.  L.  Smith  has  found  that  if 
one  lightly  taps  the  chest  wall  (direct  percussion)  over  an  aneurismal  area 
one  feels  a  sudden  increa-se  in  the  impulse  as  soon  as  the  aneurismal  area 
is  reachetl,  a  shock  resembling  ''  the  sensation  experienced  by  one  when  a 
rubber  bag  filled  with  wat«r  is  siniultaneously  palpated  and  percussed"  (semi- 
fluctuation).  The  fact  that  he  has  been  able  to  elicit  it  in  62  j)er  cent,  of  his 
cases  of  wliich  only  46  per  cent,  gave  a  tracheal  tug  indicates  the  usefulness 
of  the  sign.     In  certain  cases  it  is  undoubtedly  of  considerable  assistance. 


THE    PULSATION    AND    ARTERIAL   PULSE   IN  ANEURISM. 

The  pulsation  over  the  aneurism  resembles  the  form  of  the  arterial 
pulse  except  that  owing  to  the  elasticity  of  the  sac  the  rise  and  fall  are 
usually  more  gradual.  It  is  sometimes  of  importance  to  determine  whether 
the  pulsation  corresponds  to  an  aortic  aneurism  or  an  aneurism  of  the 
ventricle.    This  requires  the  most  carefully  timed  tracings  simultaneously 
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from  apex  and  tumor.  If  the  pulsation  in  the  aneurism  begins  .O7-.09 
second  later  than  t lie  apex  beat,  the  aneurism  may  be  assumed  to  arise 
from  the  aorta.  If  it  arises  from  the  ventriele,  the  two  will,  of  course,  be 
synchronous.  On  the  other  hand,  as  occurreil  in  a  case  still  under  the 
writers  ob.servation,  the  two  pulsation.s  may  be  absolutely  synchronous 
and  yet  X-ray  and  other  signs  may  show  that  the  aneurism  arises  from 
the  aorta. 

Delay  and  Inequatity  of  the  Pulse- — Inequality  of  the  pulse  in  ca.8es  of 
thoracic  aneurism  was  recognized  by  Harvey,  who  stated  very  correctly 
that  "the  pulse  in  the  corresponding  arm  was  small  in  consequence  of  the 
greater  portion  of  the  blood  being  diverted  into  the  tumor  and  so  inter- 
cepted." The  nature  of  this  inequality  was  made  the  subject  of  a  careful 
clinical  and  experimental  study  by  Marey  and  Franyois-Franck,  who  found 
that  when  an  aneurism  with  elastic  walls  occurred  along  the 
aorta  it  served  to  damp  t  he  os  cil  lat  i  o  n  s  of  pressure 
in  the   arteries  nearest  to   it  and  thus  to  make  the  pulse  smaller 

in  these  arteries.  The  pulse-wave  thus 
became  smaller  and  its  onset  less  sud- 
den, the  upstroke  becoming  very 
oblique  (pulsus  tardus). 

Certain  aneurisms,  however,  have 
no  effect  on  the  pulse,  and  it  may  be 
even  larger  upon  the  side  of  the  aneu- 
rism than  upon  the  unaffected  side. 
Marey  and  Franijois-Franck  showed 
upon  their  modela  that  if  the  sac 
was  inelastic  the  pulse-wave 
was  increased  on  the  af- 
fected side,  and  its  character 
became    collapsing. 

Owing  to  this  damping  of  the  pulse-wave,  the  maxiiiuil  and  minimal  blood-preesures 
in  the  arteries  nearest  tlie  aneuriam  tend  to  approach  the  mean  pressure,  so  that  the  maxi- 
mal presfiure  may  he  from  h  to  :iO  mm.  lowpr  than  the  maximal  pressure  in  the  opposite 
arm,  though  there  may  be  a  consiilerable  differen  e  in  the  size  of  the  prilses  without  any 
marked  differenct;  in  maxim.il  or  minimal  pressure*..  The  minima]  pressure,  beinjj;  already 
nearer  to  the  mean,  in  less  affected  than  is  the  maximal,  and  often  no  difference  can  be  noted. 
Chutigtw  ill  the  ahe  and  in  the  fjuality  of  the  pxilae  in  the  two  radial  arteries  are  much  more 
rhflrked  to  the  palpating?  finger  than  to  the  instrmncnt,  for  the  slowed  circulation  may  be 
comiwnsated  by  a  local  vasoconstriction  which  cau8e.s  a  smaller  pulse  without  appreciable 
cliange  in  the  pulse-wave.  The  pulse  is  usually  smaller  and  less  sudden  on 
the  side  nearest  the  aneurism,  and  hence  often  appears  to  be  retarded  when 
this  is  not  actually  the  case,  though  in  actual  fact  the  onset  of  the  pulse- wave  is  synchronous 
and  only  the  sutnmit  of  the  pulse-wave  is  Iwlated  (Francois -Franck,  Marey,  v.  Zlemmsen) 
(Fig.  283).  FranQoifi-Kranck  an<i  Marey  8tiowe<l,  however,  that,  both  in  man  and  in  the 
model,  the  presence  of  an  ela'^tic  aneurismal  sac  along  the  aortti  caused  a  general  slowing 
in  the  transmission  of  the  pulsfvwave  (a[)ex  beat  —  radial  pvilse  internal  =  0.2-€.22  second 
instead  of  0.12-0.14  aeconil)'  in  all  the  arteries,  so  that  the  pulse-wave  in  both  radial 
arterien  Ijcgins  at  exactly  the  same  time.  When  the  aneurism  arises  not  from  the  aorta 
but  upon  the  innominate  or  the  subclavian  artery,  the  result  is  different.  The  pulse-wave 
in  the  aorta  now  advances  at  the  usual  rate  (apex  —  radial  —  0J2-€.l4  second),  while  the 

«  In  cases  in  which  aortic  insufficiency  is  present,  especially  with  aneurisms  of  the 
ascending  arch,  this  delay  of  the  pulse-wave  is  not  present. 
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Fic.  304. — Effect  upon  the  circulation  of  jn- 
tcrpo!<iiii|[  ( A)  ftn  iRclaalic,  and  (B )  an  elujitic  bulb 
uloiiK  (liecoun>e  of  an  artery  in  a  modd  of  the 
rircuiaUon.  (MotJificd  from  Fraa(^oia-FI«^ck.) 
1,  2  3  rcpre»pfi1.  fiuc(;c».«ive  time  marking.t. 
VENT,  pTe««iire  curve  witliin  the  model  of  the 
ventricle;  .4 /tT,  pressure  curve  within  ttic  model 
ftrterj'.  A,  normjd  artery.  Tlie  elastic  jiae  tlimin- 
iMhes  tlie  nixf  of  the  putse,  delnyn  the  upnl.roke, 
auil  (lelayH  the  traaHniii»Lun  of  tlie  pulae-wave. 
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Fin.  306. — EffMt  of  aoMiriRm.n  nl  viinmis  ^it. -<  i]p.,h  tl,.-  l.li.<..l-i.r<>i-urf,  rate  of  tranfimiwiion,  Mid 
the  farm  of  the  pulne-wave.  (Scheiimtip.)  /<j',  lili)'Hl-i^>r<M.»ire  in  nun.  Hg  ,  Rli,  pulse  in  right  radial 
artery;  LR,  pulte  in  left  raclial  artery.  I.  Aneurium  upon  innominate  art«ry.  II.  Aneurium  upon  th« 
BMwndinc  aorta.  III.  Aneuriism  upon  the  tranff\'en»e  p»jrtion  of  the  arch  of  the  aorta.  IV.  Aneuriura 
upon  the  left  vubclavtao  artery.  The  fir»t  oolumn  of  h^uree  indicates  blood -pre«><ture  in  mm.  Rg  I  the 
eeootifi  columa  indicatee  the  tranatiuaaton  time  «f  »he  puhe  wave  in  seconds.  The  fi«tife«  jiven  are  typical, 
though  the  dllleraioM  are  larcer  ttian  are  U5ually  encountered. 

transmiagiion  in  the  artery  from  which  the  aneurism  arises  is  slowed.    The  pulse-wave  is, 
therefore,  definitely  retardeii  (0.05  to  0.07  necDnd  later  than  in  the  other  radial),  in  some 
cases  even  when  there  is  no  difference  in  the  suddenness  of  the  upstrokes.      This   dif- 
ference in    the  time  of  the  ptilse-waves  when    present   furnishes  a 
means   of  differentiating  between  aneurism  of  the  innominate  or 
subclavian   artery,  and  de- 
monstrates that  the  aorta  itself  is 
not    involved    {Fran<,'ois- Kranck). 
This  fact  may  be  of  great  praclical 
importance  in  deternunins:  tlie  oper- 
ative treatment,  esf>eciftliy   where 
the  shadowcast  by  the  aneurism  lies 
close  to  tliat  of  the  aorta.     How- 
ever, this  delay  in  the  pulse  does  nr>t 
occur  in  all  aneurisms,  but  only  in 
those  whose  walls  are  elastic.^thc 
greater  mimlwr.     It  may  also  disap- 
pear as  clotting  «r»ccnrB  along   the 
w*atla  of  the  aneurism,  ar^l  the  elas- 
ticity of  the  sac  is  thus  lessened. 

In  ^-iew  of  these  facts,  it  is  evident  that  the  form  of  the  pulse  tracing 
is  of  no  more  value  than  the  simple  palpation  of  the  pulse  in  the  diagnosis 
of  aneurism,  and  the  only  graphic  mothoil  of  practical  importance  is  that 
of  taking  simultaneous  tracings  from  both  radial  or  both  carotid   arteries 


Fjtj.  30«K — Radia}  pulm  tracing!*  from  the  right  and  left 
radial  arteries  of  a  patient  with  aneuriHin  of  the  firMt  part  of 
the  aroh  of  the  wirta.  Tlie  upstroke  of  Hie  puUe-wave  in  the 
rinht  rndial  artfr>',  which  i«i  nearer  to  (lie  aneuritim  than  the 
left,  \n  inure  gradiuil  thaa  thai  in  the  latter. 
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in  cases  where  it  is  necessar>'  to  determine  whether  an  aneurism  is  confined 
to  the  innominate,  subclavian,  or  carotid  artery,  or  whether  it  also  involves 
the  aorta.  These  relations  often  cannot  be  shown  by  the  X-ray  and  rest 
upon  this  differentiation  alone. 


X-RAY    EXAMINATION. 


4 


Host  of  the  things  which  are  inferred  from  physical  exaiTunatioa 
can  be  actually  seen  with  the  fiiioroscope,  and  an  exactness  of  cliagnosii 
can  be  reached  which  is  utterly  impossible  with  the  orrlinar^^  methods.     1 
104  cases  of  aneurism  thus  examined  by  Baetjer,  the  clinical  diagnosis  hai 
been  correctly  made  in  70  per  cent.;  there  had  been  tentative  diagnosis  ol 
aneurism  in  20  per  cent.;   and  an    unsuspected    aneurism    ha 
been   discovered   with   the   X-ray   in    10   per    cent.     These 

findings  are  particularly  important, 
since  it  is  just  in  these  early  c: 
when    the    physical    signs    are    still' 
indefinite    that    treatment    may    be 
profitably   instituted. 

However^  unless  certain  precau 
tions  are  taken  in  the  examinatioi 
an  aortic  shadow  may  be  seen  which 
may  he  diagnosed  an  aneurism  even 
though  none  be  pi*esent.  Thi 
rounded  shadow  is  cast  by  the  arch 
of  the  aorta  just  to  the  left  of  the 
sternum,  and  it  may  be  specially 
marked  if  the  aorta  is  somewhat 
tilted,  as  sometimes  takes  place  in 
enteroptosis  (Wenckebach).  Holx- 
knecht  has  shown,  however,  that 
this  error  will  not  be  made  if  the 
patient  is  also  turned  so  that  the 
rays  pass  from  left  back  to  right  front  (Fig.  81).  The  normal  aorta  thus 
lies  in  a  plane  parallel  to  the  rays  and  is  seen  as  a  narrow  nearly  vertical 
band,  with  the  light  spaces  of  anterior  and  posterior  mediastinum  in  front 
and  behind  it.  The  uniformly  dilated  aorta  appears  as  a  wide  but  uni- 
form band.  The  aneurism  of  the  ascending  aorta  appears  as  a  battledore 
or  tennis  racket  with  handle  up,  the  aneurism  of  the  arch  as  a  racket  with 
handle  down.  Aneurisms  of  the  innominate  are  separated  from  the  aortic 
shadow  by  a  clear  space  which  is  bridged  by  the  narrow  shadow  of  the 
artery. 

As  Baetjer  states,  it  is  most  important  to  examine  the  chest  for  mal- 
formations and  for  misplacement  of  the  aorta  which  might  be  mistaken 
for  aneurism.  Persistence  of  the  ductus  arteriosus  (BotalJi)  must  also  be 
considered  in  shadows  near  that  of  the  descending  arch.  The  shadow  of 
enlarged  mediastinal  glands  is  usually  speckled  or  blotchy  with  occasional 
lighter  areas,  rather  than  uniformly  dark,  while  the  edges  of  sarcomata 
and  other  solid  tumors  are  often  irregular  and  may  fade  away  gradually 


Fio.  30". — Rtwliograpli  of  h  pntii-tit  with  »  large 
Aneurism  of  tutrimdmg  Morta  mui  the  arch,  viewed 
from  behind .     ( KiDciDC»8  of  Prr»f .  C.  M .  Cooper. ) 
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ANEURISM. 

into  the  surrounding  tissues.  Moreover,  unless  there  is  a  considerable 
degree  of  intrasaccular  clotting,  an  aneurism  will  be  seen  to  expand  during 
systole  and  to  contract  in  diastole/  whereas  a  solid  tumor  will  al  most 
rotate  upon  its  axis. 

CHARACTERISTIC    FEATURES    OF    ANEURISMS    AT    DIFFERENT    SITES. 

Characteristif  features  of  thoracic  aneurisms  are  given  in  the  table 
below.  It  must  be  borne  in  mind,  however,  that  these  represent  the  con- 
ditions only  while  the  aneurysms  remain  relatively  small,  for  with  their  fur- 
ther growth  they  may  press  upon  other  structures  and  .so  present  the  picture 
of  an  aneurism  affecting  a  different  part  of  the  aorta.  Large  aneurisms  also 
displace  the  heart,  and  may  even  occupy  the  .usual  position  of  the  latter. 


Fia.  308. — Radiograph  at  n  patient  with  tliN 
fu»e  dilatatmrj  i»f  the  arch  of  tlie  a<irla.  iKinii- 
ue!«H  uf  Prof.  C.  M.  Cooper.)  The  UKure  also  Bhow» 
dilatation  of  the  left  ventricle  and  nlight  dilataUoi] 
of  the  left  aurifle. 


Fig.  300. — DiuKnim  of  th«»  nuliriKraph  nhown 
in  Fig.  308.  The  broken  linen  inilioBt«  tne  nor- 
mal uijtlinea.  AO,  aorta;  OES,  ceiiophagtut:  LVt 
l^ft  ventricle. 


Aneurism  of  the  Heart.— iSj/m/j/om^.—Imlefinite  signs  of  cardiac  weak- 
ness. Physical  signs. — Two  point.s  of  maximal  impulse  over  which  tracing.^ 
show  exactly  synchronous  pulsations  (this  point  is  far  from  pathogno- 
monic). Irregular  outline  of  cardiac  duhiess  (encapsulat^tl  pericaniitis, 
pleurisy,  and  tumors  must  be  excluded).  Sometimes  systolic  and  diastolic 
murmurs  over  heart  and  aneurism  not  present  over  aorta.  Pulse. — Feeble 
but  etjual  ami  not  delayed.  X-ray. — Bulging  of  shallow  of  ventricle  or 
auricle  with  enlargement  of  shadow  synchronous  with  systole  of  correspond- 
ing chamber.  Rupture. — Into  pericardium.  Death  often  from  cardiac 
weakness  or  coronary  sclerosis. 

Aneurism  of  Coronary  Arteries. — Symptoms. — No  characteristic  symp- 
toms. Occasional  cardiac  pain.  Phyncal  signs.  —  Arteriosclerosis.  No 
characteristic  signs  or  even  signs  of  illness.  (Aneurism  usually  size  of 
pigeon's  egg.)  X-ray.  —  No  abnormal  shatlows.  Rupture.  —  Into  peri- 
cardium in  19  out  of  21  cases.     In  one  case  into  pulmonary  artery. 

Ascending:  Aorta;  Intrapericardial  (Aneurism  of  Symptoms).— iSiym/?- 
/<?ffw,— Angina  pectoris.     Attacks  of  cardiac  asthma.     Precordial  pains. 

*  Ilolzknecht  particularly  emphasizes  the  importance  of  using  the  lead  diaphragm 
in  examining  the  edges  of  the  shadow  for  pulsation. 
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Pain  down  right  or  left  ami.  Shortness  of  breath.  Symptoms  of  cardiac 
failure  predominate.  Physical  signs. — Distention  of  veins  of  head,  neck, 
upper  cheet,  arms;  oedema  of  these  parts.  Tracheal  tug  absent  while 
aneurism  is  small.  Pupils  equal  if  aneurism  is  small.  Aneurism  usually 
small,  situated  in  .second  and  third  right  interspaces.  Pulsation  in  second 
and  third  right  interspaces.  Often  signs  of  aortic  insufficiency.  General 
ceclcma  from  aortic  insufficiency.  Pulse. — Delay  of  pulse-wave  uniform. 
Pulses  may  be  equal  in  both  radials  or  may  be  smaller  in  either.  X-rai/. — 
Inverted  racket-.shaped  sharlow  in  left  post,  to  right  ant.  illumination- 
Arch  of  aorta  clear.  Rupture, — Into  pericardial  cavity.  Pulmonary  arterj\ 
Right  auricle.  Superior  vena  cava.  (Esophagus.  Left  auricle.  Right 
ventricle.  Left  lung.  Right  lung.  Other  causes  of  deaih.  —  Dyspncea. 
Exhaustion.  Hydrothorax.  Hydropcricardium,  Bronchitis  and  pneu- 
monia.    Pulmonary  infarction.     Suffocation. 

Aneurism  of  the  Ascending  Aorta  between  Pericardium  and  Innominate 
Artery  (Aneurism  of  Physical  Signs). — Symptotm. — Slight  dyspnoea.  Pain 
when  aneurism  presses  on  or  erodes  chest  wall.  Often  an  accidental  finding. 
Phyaicat  signs. — Flushed  face  with  dilated  veins;  sometimes  oedema.  Di- 
lated veins  of  arms.  Pulsation  in  second,  third,  and  fourth  right  interspaces 
(occasionally  shifting).  Dulness  to  the  right  of  the  sternum,  not  over  the 
manubrium.  Systolic,  sometimes  diastolic  murmur,  thrill  and  diastolic 
shock  over  aneurism.  Tracheal  tug,  if  aneurism  is  large.  Pulse, — Uni- 
form delay  of  pulse,  both  sides  synchronous.  Right  radial  usually  smaller 
than  left.  X-ray. — To  right  of  sternum  in  second  to  fourth  interspaces; 
best  made  out  in  po,st.-ant.  or  right  post,  to  left  ant.  Olumination.  In  left 
post,  to  right  ant.  illumination  inverted  racket-shaped  shadow.  Compli- 
cations.— Often  aortic  insufficiency.  Bronchitis.  Tuberculosis  of  right 
lung.  Hemorrhage.  Right  hydrothorax.  Rupture. — Into  pericardium. 
Right  pleural  cavity.    Riglit  bronchus.    Right  auricle,    Superior  vena  cava. 

Aneurism  of  the  Innominate  Artery, — Syjnptoms.— Like  those  of  an- 
eurism of  arch  except  that  there  is  no  dysphagia  in  small  aneurisms.  Pain 
and  numbness  down  right  arm  and  to  right  shoulder.  Physical  signs. — 
Dilated  veins  and  swelling  over  right  arm  and  right  side  of  face.  Dulness 
extends  out  under  right  clavicle.  Pulsating  tumor  may  ]>e  felt  under  the 
right  clavicle.  Paralysis  of  right  vocal  cord.  Right  pupil  in  early  stages 
larger  than  left.  Pulse. — Right  radial  pulse  smaller  and  definitely 
later  than  left.  X-ray. — A  ^-shaped  shadow  in  seen  upon  the  left 
arm  of  the  V''  which  the  shadow  of  the  innominate  artery  makes  with  that 
of  the  aorta  on  left  post,  to  right  ant.  iHumination.  Complications. — Right- 
sided  bronchitis.  Bronchopneumonia.  Tuberculosis.  Hydrothorax. 
Rupture. — Usually  points  upward  and  outward  toward  the  clavicle,  but 
may  point  downward  to  pleura  or  bronhci. 

Aneurism  of  the  Arch  of  the  Aorta  (Aneurism  of  Symptoms). — Symp- 
toms.— Change  in  voice,  especially  high  notes.  Brassy  cough.  Difficultj' 
in  swallowing.  Pain  in  throat.  Dyspntra,  sometimes  amounting  to  suffo- 
cation. Physical  signs. — Inequality  of  pupils.  Usually  dilatation  of  left 
pupil.  Dilated  veins,  flush,  and  sometimes  swelling  over  left  side  of  face, 
chest,  and  left  arm,  or  changes  bilateral.  Tracheal  tug  early.  Pulsation 
pa/pable  in  suprasternal  aotch.     Pulsation  in  suprasternal  and  supraclavic- 


ular  fossa*.  Lifting  of  manubrium;  later  perforation  of  manubrium  or 
sternoclfivifular  articulation.  Palpable  heaving,  systolic  and  diastolic 
shocks,  and  often  thrill  over  manubrium.  Heart  sounds:  usually  sydtolic 
murmur  and  sometimes  diastobc  murmur  over  the  tumor.  In  aneurism 
beyond  the  innominate,  the  systolic  murmur  may  be  heard  in  the  left  car- 
otid and  brachial  but  not  in  the  right.  Bronchoscopy  may  show  tumor  per- 
forating bronchus.  X-ray. — Shadow  racket  sha{>ed,  esix'cially  seen  in  left 
post,  .to  right  ant.  illumination.  Post.-ant.  or  ant. -post,  illumiuation  aeeu 
as  massiv^e  shadow  above  that  of  the  heart.  Compticatiofis. — Bronchitis. 
Tuberculosis.  Suffocation  (asphyxia).  Inanition.  Rupture. — Externally 
(anteriorly  through  manubrium  or  above  clavicle).  Into  left  bronehu.s. 
Trachea.  (Esophagus.  Lungs  and  pleural  cavity,  i^ericardium,  mediasti- 
num. Pulmonary  artery.  Other  causes  of  death. — Exhaustion.  Pericarditis. 
Collapse.    Suffocation.    (Edema  of  larj-nx.    Pneumonia.    Tuberculosis. 

Aneurism  of  the  Descending  Aorta.' — Sijmptoi/ni. —Lanchmi'm^  and  bor- 
ing pains  in  back,  left  shoulder,  left  side,  and  left  side  of  abdomen.  Stiffness 
of  back.  Shortness  of  bifath.  When  the  aneurism  is  near  the  diaphragm, 
abdominal  pains  may  he  present  and  the  comlition  may  be  considered  to  be 
abdominal.  Phffsical  signs. — \'isible  pulsation  just  to  left  of  spinal  column. 
Dulness  on  percussion.  Heart  sounds  and  corresponding  shocks  over 
aneurism  and  tendernesa  over  corresponding  spuies.  Areaw  of  hyper- 
aeathesia  or  analgesia  in  correwponiling  spinal  segments.  Fulse. — Pulses 
sjTichronoua;  smaller  and  more  gradual  in  left  than  right.  X-ray. — 
sr-shaped  shadow  to  left  of  sternum,  especially  in  right  posterior  to  left 
anterior  illumination.  Complirationfi. — Left-sided  bronchitis,  broncho- 
pneumonia, tuberculosis,  hydrothorax,  paraplegia  from  erosion  of  vertebrae 
Ruptui'e. — Backward  and  externidly;  into  (rsophagus,  left  pleural  cavity, 
right  pleural  cavity,  bronchi  and  lungs,  pulmonary  arter>'.  Other  causes  of 
death. — Pressure  on  trachea  and  bronchi,  exhaustion,  pneumonia,  and 
tubercuhjsis. 

The  following  histories  illustrate  typical  cases  of  aneurism: 


AecENDi.NG  Arch  above  Pericardium  (Aneurism  <jf  Physical  Signm). 

D.  N.  I..,  aged  4.S,  niarriefl.  Except  for  a  well-compeasated  aortic  iivsnffitneocy  for 
the  past  eipht  yeiirv,  with  slight  8hortnes.s  of  breulh,  he  has  been  qiiite  healthy.  In 
November.  19t);i,  his  aneurisiii  was  discovered  accidentally  by  hi«i 
brother,  who  is  a  physician. 

Exauiinan'on  by  Dr.  Osier  revealed  a  well-nourished  man  who  does  not  appear  ill. 
Face  a  little  congested,  veins  of  neck  and  urms  full;  pulse  4H  fwr  minute,  tjoth  apparently 
synchronons,  a  little  larger  on  left  than  on  right  (maximal  pressure:  left  arm  140;  right 
arnr  12')).  There  in  no  tracheal  tug.  Over  thp  thorax  a  wavy  impu  Ise  is  seen  in  all 
Ihe  right  interspaces  above  the  liver,  anti  an  area  of  dulness  as  outlined  in  Fig.  310,  A.  Rela- 
tive cardiac  ttnlnesa  in  fourth  interspace  extends  16.5  cm. .to  left  and  15  cm.  to 
right  of  midline.  Over  the  aneurismal  area  there  is  a  marked  systolic  thrill  and  murmur; 
over  the  heart  a  svstolic  and  diaatolic  murmur. 


'  In  120 cases  of  aneurLsm  of  the  descending  aorta  collected  from  the  literature  Milanoff 
foimd  pain  in  72,  dysphagia  in  2)J,  hH^matemesi.s  IH,  haemoptysis  21,  Jeft-sifknl  pleural  effu- 
sion in  a  few  caj^es.  Andr^'ef  found  only  S  cii«es  of  paraplegia  from  aneurii^m  in  the  litera- 
ture.   The  duration  is  often  from  10  to  15  years;  longer  than  that  of  aneurisms  elsewhere. 

The  condition  is  very  well  di.scusaed  in  EngliKh  by  Osier  and  more  recently  by  Hewlett 
and  Clark,  who  give  excellent  radiographs  and  a  very  useful  sumnmry  of  the  literature. 
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in  first  interspace  and  below  to  second  interspnce,  on  the  right' to  just  bej'ond  the  eternal 
mar^'n.  Oh  pulpiition  over  the  dull  area  there  is  a  strong  lifting  pulsation. 
maJCftnul  at  u  |>oJnt  5.o  cm.  to  left  and  definitely  exijansile.  No  thrill  felt.  Diastolic  shock 
well  marked.  At  &\>o.x  and  inward  toward  the  base  then*  is  a  very  short  systolic  murmur, 
which  is  not  transmitted  beyond  the  border  of  the  heart.  First  sound  is  rather  tapping 
at  apex.  Along  the  left  sternal  border  this*  murmur  increases  in  intensity  and  is  maxim&l 
over  the  mass  above  the  heart  at  the  point  of  greatest  pulsation,  where  there  is  a  well- 
niarkpfl  systohc  bruit  fuIJowed  Wy  a  ringing  i*e<',ond  sound.  A  very  faint  systolic  murmur 
is  heard  at  the  aortic  ring,  and  the  second  sound  in  clear.  No  diastohc  murmur.  The 
second  pulmonic  is  louder  than  the  second  aortic.  The  pulse  is  of  good  volume,  rcvgular, 
rather  high  tension,  and  not  c^>lla(>sing.  \-essel  wall  definitely  tluckene<l.  Home  cynnoets 
of  inger-tifjs  and  lips.  The  volume  of  the  pulse  on  the  right  side  ia 
decidedly  larger  than  on  the  left.  There  is  a  circumscribed  area  of 
dulneas  in  the  left  interscapular  region  in  which  percussion  note  has 
a  peculiar  wooden  tympany  like  that  over  consolidated  lung.  Over  this  area  the  breath 
sounds  are  rather  more  intense  than  over  the  rest  of  the  lung  but  they  are  not  tubular 
in  character. 

On  Januarj'  30  the  aneurism  was  wired,  under  Schleich  solution  anEPstheaia,  by  Dr. 
Finney,  with  twelve  feet  of  silver-copf>eT  wire,  through  which  a  lO-MA  current  was  pofiaed 
(Moore  Corradi  method).  Clotting  took  place  promptly.  The  patient  st-ood  the  opera- 
tion well.  The  patient  was  considerably  relievetl  as  regards  pain,  but  the  pulsation  eoon 
returned. 

AVEIURISM   OF   THE    DESCENDING    AoRTA. 

Notes  of  the  following  case  are  taken  from  the  records  of  the  John."*  Hopkins  Hospital: 

Ch.  L.,  colored  laborer,  aged  48,  was  first  admitted  to  the  Johns  Hopkins  Hospital 
on  October  I -t,  189S,  complaining  of  pain   in  the  back,  left  side,  and  abdomen. 

His  family  history  was  negative.  He  had  always  l>een  healthy,  but  had  measles, 
whooping-cough,  tertian  malaria,  and  at  17  had  syphilis  wliich  was  not  adequately 
treated.  He  has  done  a  great  deal  of  hard  work  on  a  farm,  has  drunk  a  great  deal  of  whiskey, 
and  .smoke<t  hea\'ily. 

His  present  trouble  began  suddenly  about  four  years  ago,  when  he  was  seised  with 
k  severs  pa"V«i;  in  tiie  lower  left  abdomen.  This  lasted  a  couple  of  weeks.  It  was 
4lwflyA<rBtieved  when  his  thighfl  were  fle.xail.ufMin  the  abdomen,  and  was  alwa^ii  increased 
after-«kX|>0BUre  to  bad  we^ither.  Four  yeurs^fler  this  a  pain  in  the  left  side  of  the 
b  a  c  k  apf>eared,  which  has  grailually  increased.  This  also  is  relieved  by  flexing  the  thiglis. 
Upr  the  past,  mx  years  he  lias  passed  blood  in  the  stools  during  periods  when  the  pain  in 
theleft  flank  was  worse. 

A  note  by  Dr.  Futcher  at  that  time  states,  that  "  the  patient  was  found  lying  in  Ijcd 
on~the  left  isi<fe  iriih  tbe  knee*  flexed.  Pupil* are  of  normal  size,  etpial,  and  react  to  light 
and  accommcHlaticin.  The  lung  expansion  and  vocal  fremitus  are  diminished  over  the 
entire  left  lung,  and  the  breath  s«nmclB  were  exaggerated  in  front  and  in  the  axilla.  There 
were  a  few  moist  nil*?.'*  in  the  third  and  fourth  left  interspaces.  Behind,  the  breath  sounds 
are  very  imtistinet  below^he  angle  of  the  scapula.  The  percussion  note  was  found  to  be 
i m  pa  i  r e  d  over  the  ent ire  left  front  as  far  down  as  the  fifth  rib  and  over  the  entire  left 
back?  being  flat  below  the  ungle  bf  the  scapula. 

'  HeorL — Thetnaximal  impulse  w.is  .seen  in  the  fifth  interspace  7.5  cm.  from  tlie  mid- 
Kne,  but  duhiess  extended  '.i  cm.  to  the  left  of  thia  point.  Both  the  finit  and  second  soumls 
were  reduplicated. 

The  liver  was  slightly  enlarged;  the  spleen  just  palpable.  There  were  no  masses  nor 
areas  of  tenderness  in  the  left  flank  to  account  for  the  pain. 

On  Oct.  21  Dr.  Futcher  noted  a  definite  lieuvinK  of  the  entire  body  of  the  sternum 
and  a  m-ell-marked  systolic  retraction  in  the  eighth,  ninth,  anrl  tenth  left  interspaoeB  be- 
hind, A  tracheal  tug  was  present,  but  the  vocal  cords  were  not  paralyzed.  The  pulse  was 
equal  on  the  two  sides. 

In  epite  of  rest,  restricted  diet,  and  potassium  iodide  and  repeated  gelatin  injections, 
his  pain  in  the  buck  gra<lually  became  worse,  compelling  him  to  seek  relief  by  lean- 
ing over  t  b e  back  of  the  chair.  It  became  so  severe  that  it  was  not  relteveil 
by  30  mg.  (gr.  ss)  of  morphine.  However,  later  in  his  stay  his  condition  gratlually  became 
better  and  the  pain  became  a  little  less  freijucnt  and  less  intense. 
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There  waa  very  little  change  in  hin  comiition  between  that  time  a«d  March,  1902, 
when  for  the  first  time  there  was  noted  u  definite  systolic  pulsation  in  the  left 
interscajjular  region  which  gradually  increased  until  it  involved  three  ribs  and  interspaces. 
His  condition  gradually  became  worse.  Respirator)'  movement  alniast  entirely  disappeared 
upon  the  left  Kide  and  a  BColioHiu  develo|>etl  with  concavity  toward  the  right.  The  area 
of  cardiac  duJness  increased  to  the  right,  where  pulsation  was  particularly  well  marked 
and  a  sufierticial  scratchy  pystolic  murmur  was  heard  over  the  ffreconlium.  His  pain 
became  8o  intense  that  he  could  but  rarely  lie  down.  An  area  of  absolute  analgesia  devel- 
opeti  in  the  sixth  and  seventh  left  interspaces,  impaired  sensibility  to  heat,  cold,  and  pain 
being  found  in  the  hfth  interspace  as  well.  About  this  time  be  began  to  feel  pain  on  swal- 
lowing, referreil  to  llie  niiihlle  of  the  Ktennim. 

During  the  night  of  Oct.  25  he  complaineil  of  pain  and  intense  shortness  of  breath, 
and  suddenly  vomited  about  50  c.c.  of  bright  red  b  1  o  o  il  .  Ten  minuteg  later  he 
vomited  25  c.c.  more  blood.  He  wa«  tjuieted  with  morpliine  during  the  night,  but  in  the 
early  aflenioon  of  the  twenty-fifth  he  vomited  alxiut  500  c.c.  of  blood  within  three  minutes, 
became  pulseless,  and  died. 

At  au  topsy  the  heart  waa  found  to  be  displaccti  to  the  right  (extending  8  cm.  to 
the  right  of  the  mi<lline)  by  a  tremendous  aneurismal  sac  18x14x9  cm.  This  sac  was 
fusiform  with  sacculations  at  its  upper  and  lower  ends.  It  art^e  from  the  descending 
part  of  the  arch  and  the  il  esc  en  ding  aorta  itself  and  |K»inteil  backward, 
eroding  the  botiies  of  all  the  thoracic  vertebrae  from  the  fifth  to  the  tenth  as 
well  as  the  seventh,  eighth,  and  ninth  ribs.  The  erosion  of  iho  intervertebral  disks  waa 
much  less  marked.  The  aneiirismal  sac  also  compressed  the  oesophagus  at  the  level  of  the 
bronchisd  bifurcation,  where  it  eroded  through  the  oesophageal  wall,  making 
an  opening  2.5  cm.  in  diameter.  "TJie  edges  of  this  aperture  were  ragged  and  necrotic j 
the  tissue  about  it  dark  gray-green  in  color." 

The  aneurisiTial  sac  was  partly  filled  by  a  large  lamcllated  clot. 

The  ascending  aorta  was  di^ited  and  atheromatous;  the  descending  aorta  below  the 
aneurism  likewise. 

The  heart  was  much  enlarged;  the  walla  hypertrophic;  the  valves  normal. 

There  were  many  j)ericardial  adheaions,  especially  firm  over  the  left  auricle  i^nd  the 
coronary  veins,  and  there  were  tortuous 
patehea  over  both  ventricles. 

The  stomach  contained  a  litre  of 
clotted  blood.     Other  organs  normal. 

Simple  Dilatation  of  the  Arch. 

L.  D.,  gardener,  aged  55,  native 
of  Ireland,  came  to  the  .fohns  Hopkina 
Hoapitiil  Dispensary  on  July  V4,  VMJ, 
complaining  of  pain  on  swalloii^ing  and 
trouble  in  passing  water. 

The  family  historj'  was  negative. 
The  patient  had  Bmall[X3X  at  IH,  gfin- 
orrhoea  at  35  and  again  at  48,  and 
a  chancre  at  :i5  followed  by  delinite 
Becondary  manifestations,  for  which 
be  had  been  Kiven  medicine  by  mouth. 
He  has  drunk  whiskey  in  excess  and 
has  done  a  gooil  deal  of  heavy  work. 

He  was  perfei;tJy  healthy  until  the  past  ten  day.s,  since  when  he  feels  food  passing 
down  his  a?sophagus  and  has  a  little  pain  wliich  is  referred  to  the  level  of  the  cardia.  He 
vomits  immediately  after  eating,  but  can  swallow  Li<iuitls  without  difficulty. 

Examination  reveals  a  fairly  nourished  man  of  ruddy  complexion  with  some  dilated 
venules.  The  left  pupil  is  somewhat  larger  than  the  right,  though  botji  react  to  light  and 
accommodation.  There  is  a  slight  b«t  definite  tracheal  tug;  no  traehcul  i>ercussion  shock. 
There  is  no  glandular  eolargement.  The  lungs  are  clear  except  for  a  few  widely  scattered 
piping  r&les. 
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The  heart  is  not  enlarge*!;  apex  in  fifth  left  interspace  10  cm.  from  the  midline. 
ne88  extends  4.o  cm.  to  the  right.  The  relative  dulness  is  continuous  above  with  a  strip 
Z.h  cm.  ufx>n  either  side  of  the  stemiun,  over  which  the  percussion  note  is  very  slightly 
impaired.  This  areu  exlend«  up  as  far  as  the  upjjer  border  of  the  second  rib,  and  is  shown 
by  the  fluoroscoije  to  corres|)ond  with  a  uniform  shadow  of  the  dilated  aortic  arch.  The 
heart  aouncin  are  clear;  the  second  aortic  distinct;  no  diastolic  murmur  present.  Puke 
b  of  gooti  volume,  not  collapsing. 

Abdomen  shows  no  masses;  no  vJBible  peristalsis.  There  are  no  tenderness  and  no  ab- 
normalities palpable.  The  stomach  tube  is  passed  into  the  stomach  without  difficulty, 
and  a  verj'  small  amount  of  clear  fluid,  free  from  HO,  obtaine<i;  lavage  fluid  clear.  D<»- 
moid  teat  negative.  He  was  given  alkaline  gentian  tincture  +  strychnine  (1  mg.  =  ^  gr.) 
before  meals,  under  which  treatment  his  syniptoms  rapidly  diminished. 

Diagnosis  :  Chronic  alcoholic  gaatritisj  anacidity,  dilatation  of  the  aortic  arch. 

Aneurism  of  the  Abdouinal  Aqhta. 


M.  P.,  machine  agent,  agetl  30,  was  first  admitteti  to  the  Johns  Hopkins  Hospital 
on  Oct.  :il,  1.SIK>,  complaining  of  kidney  and  stomach  trouble.  The  family  his- 
tory was  negative. 

The  ]}atient  had  had  measles,  chicken-pox.  mumps,  and  whooping-cough,  typhoid 
fever  at  2;^  followed  by  pain  in  the  ankles  and  knee*i.  He  had  gonorrhcea  two  years  before 
admisftion  (about  one  year  before  the  onset  of  the  present  trouble),  but  denies  lues.  He 
worked  on  a  farm  until  his  attjick  of  typhoid  fever,  sine*  when  he  has  not  been  strong. 
He  doee  not  drink  nor  smoke  and  is  a  hearty  eater. 

The  present  illness  began  six  months  before  admission,  with  some  soreness  and  pain 
in  the  abdomen,  which  had  no  relation  to  the  taking  of  foott  except  that  it  was 
more  intense  after  a  large  meal.  He  vomite<l  occasionally  but  nirety.  The  pain  was  at 
firnt  a  sharp  throbbing  pain  in  the  left  side.  It  was  so  severe  as  to 
cause  him  to  r  e  m  a  i  n  in  b  e  d  for  a  period  of  t  h  r  e  e  months,  during  which  he 
had  to  be  given  morphine.  After  the  three  months'  sojourn  in  l»ed  the  pain  became  lesB, 
and  he  was  almost  free  from  sjTnptoms  for  about  six  weeks,  when  he  was  taken  with  a 
sudden  sharp  cutting  pain  in  the  right  side  just  under  the  ribs,  running 
around  toward  the  right  ami  down  toward  the  testicle. 

On  examination  he  was  found  to  be  a  well-nourished  man  of  rather  sallow  color. 
There  was  no  glandular  enlargement.  The  lungs  were  clear  on  auscultation  and  percussioa. 
The  heart  was  not  enlarged;  the  heart  sounds  clear. 

In  the  abdomen  there  was  a  ver>'  well-marked  pulsation  visible  in  the  epi- 
gastrium. There  'wna  dull  tymfiany  over  this  area,  and  inflation  of  the  stoiiiach  showeil 
that  the  pulsating  mass  was  covered  by  the  latter.  There  was  considerable  tenderness 
over  the  pulsating  area;  Dr.  Osier  was  able  to  make  out  a  definite  soft  systolic  mur- 
mur, an«l  on  Nov.  5  with  the  tJcepcst  possible  pul|mtion  could  make  out  a  definite  m  a  s  a 
with  expansile  puliation.  The  case  was  diagnosed  as  abtlominal  aneurism 
and  wi  ri  r  g  was  adviseib    This  was  jjerformed  by  Dr.  Fiimey  two  montlis  later. 

A/'wte  %  f)r.  Finney. — An  incision  was  made  2. .5  cm.  befow  the  xiphoid.  The  stomach 
was  retract^  dowiiward;  the  lesser  peritoneum  was  opened.  The  pancreas 
citvered  the  lower  surface  of  the  tumor.  Attempt  was  nm<Ie  to  dissect  the  pan- 
creas. This  was  uhandojied  on  account  of  profuse  and  [Mtrsiatent  hemorrhage. 
The  incision  was  then  enlairged  upward,  thy  edge  of  the  liver  elevated,  and  the  tumor 
ex|>nsed  aliove  and  to  the  right  of  the  pancreas.  A  noeille  was  insert ed  at  this  point  to  a 
depth  of  :j-4  cnv.  and  .H-9  feet  of  silver  an<J  copper  alloy  wire  introduced.  Ten  miUiamperes 
of  current  were  passed  for  one  hour.  The  needle  was  withdrawii,  thi?  wire  cut  close  to  the 
aneurisraal  sac  and  turned  in  with  a  clamp.  No  bleeding.  One  or  two  blee<ling  points 
about  the  pancreaa  were  tied  with  fine  silk.  The  incision  was  cioj^nl.  The  patient  made 
an  uneventful  recover^'  and  experienced  considerable  relief  from  pain,  so  that  nine 
months  later  it  gave  him  little  trouble,  though  the  aneurismal  pulsation  was  still 
expansile.     There  wixh  now  a  loud  systolic  murmur  over  the  maas. 

The  pain,  however,  gradually  returnefl  and  never  left  him.  It  was  so  severe  that  he 
was  a  frequent  visitor  at  the  hospital  and  wa.s  com[X'lled  to  use  a  good  deal  of  morphine. 
He  was  admitteti  to  the  writer's  ward  in  Jan.,  19t)4,  somewhat  worse  than  at  any  time 
previously.     The  aneurismal  mass  now  extended  from  the  ensiform  to  within  3 
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eenti metres  of  the  umbilicus.     Its  Burf are  was  smooth  and  no  areas  of  hxilff' 
inif  could  he  made  out. 

On  Jan.  7  the  leucocyt^ss  were  5000;  the  hsemoplobin  90  per  cent.  He  was  quite  well 
(when  ^iven  morphine)  until  the  night  of  Jan.  21,  when  be  had  a  s  u  d  d  e  n  a  1 1  a  c  k  of 
mcM4t  intense  |»ain  in  the  lower  buck  xml  abdomen,  "  causinjt;  liini  to  cry  out  and  toss 
alxiut,  arching  his  back  and  stifFeninsr  all  his  muscles  in  his  attem|its  to  bi^ar  the  pain  in 
silence."  There  was  no  ohjective  change  in  the  ab«lomen,  but  the  tenderness  over  the 
aneurism  was  more  marked  than  l>efore. 

The  next  <lay  he  had  several  attacks  of  pain  and  \omiting.  At  4.00  p.m.  the  vomit- 
ing was  very  severe  and  was  accompanied  by  intense  pain  and  pudden  collapse. 
His  color  became  a  ghastly  pallor.  He  became  almost  pulseless  before  any  one  could 
reach  liim.  He  was  still  conscious  anil  complained  of  tjreat  pain  in  the  back  and 
right  aide  of  the  abdomen,  to  relieve 
which  .15  tim,  (gr.  iise)  of  morphine 
were  neceasarj',  gi\'en  within  an  hour. 
At  5.45  P.  M.  a  small  valine  infusion 
was  given  and  cause<!  the  pul^e  to 
improve  slightly.  Strychnine,  2  mg. 
dV  pr).  +  digitahn  (dennan),  .15 mg. 
(tV  Kr.l.  had  no  effect.  Tlie  maximal 
bIcHM {-pressure  before  the  colla]>He  was 
13U  mm,  Hg,  after  it  was  70  mm.  Hg. 

The  next  day  there  was  dullness 
throvighoul  the  right  fliuik  extending 
up  to  liver  dulnees  (due  to  outpouring 
of  blow!  into  the  fjcritoncal  cavity). 
The  sj*HtoHc  murmur  over  the  tumor 
disappeared,  but  the  aneurismal  mass 
still  pul*ate<l.  The  hu-moglobin  wat! 
found  to  have  fallen  to  55  per  cent.; 
the  leucocytes  rose  to  17,500. 

During  the  next  few  days  the 
patient'.s  condition  seemed  to  improve, 
ilie  pulse  became  stronger;  the  maxi- 
mal blood- pressure  rose  to  120  mm, 
Hg.  However,  his  kidneys  absolutely  ceased  secreting.  He  did  not  void  at  all  s(«)n- 
taneoualy,  and  50  c.c,  of  clear  reddish  hipiid,  of  neutral  reaction  and  with  a  specific 
gravity  of  1030,  was  all  that  could  be  obtained  on  catheterization  on  the  evening  of 
Jan.  24.  It  contained  a  large  amount  of  albumen,  no  sugar,  no  casts,  a  few  red  blood- 
corpu-scles,  and  a  large  number  of  pus-cells.  This  was  the  last  urine  obtainable,  even  by 
catheter. 

From  this  time  on  the  patient's  condition  became  worse.  He  complained  of 
s  u  •!  den  shocks  Uke  electric  shocks  t  hrough  his  nervous  system  to  which  he  ro.sptjiided 
by  s  u  d  d  e  n  single  t  w  i  t  c  h  e .«? .  He  hud  no  general  convtilsions.  Hih  mind  rcmainetl 
perfectly  clear,  his  pul.se  good  until  the  morning  of  Jan.  26  (five  days  after  the  rupture), 
wIku  his  pulse  gradually  became  weaker,  he  lapsed  into  vmconsciousness.  and  died  at 
10.30  p.  M. 

Autopsy  confirmed  the  clinical  diagnosis,  showing  a  large  saccular 
aneurism  of  the  abdominal  aorta  which  had  ruptured  into  the  ret roperi- 
toneal  tissue  and  lesser  peritoneal  caxity,  causing  infarction  of  the  left  kidney  and  oblitera- 
tion of  the  vessels  to  the  right.  There  was  thrombosis  of  all  renal  vensels  and  a  trememlous 
hemorrhage  into  the  greater  peritoneal  cavity  as  well.  Thi.s  rupture  Imd  evidently  occurred 
at  the  time  of  the  coUapst?  on  Jan.  22.  There  was  an  i s  I  a  n  <l  of  clot  within  the  coil 
of  silver  wire  within  the  sac,  but  a  wide  free  blood  channel  between  this  clot 
and  the  aneurismal  wall,  so  that  the  clot  had  not  strengthened  the  latter 
in    the   least. 

It  is  probable  that  during  the  months  following  the  wiring,  while  he  was  free  from 
pain,  the  ctot  fiUeil  the  entire  aneuriimal  sac,  and  that  the  eddy  currents  dissected  it  fi 
from  the  aneurismal  wall  about  the  time  that  the  pains  returned. 


Fig.  312.— Tumor  and  pulmlioa  In  »  case  of   pntient 
^M.  P.)  with  o-iieurisui  of  the  oLxiomkittl  acirt&. 
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DIAGNOSIS. 

The  diagnosis  of  thoracic  aneurism  is,  as  a  rule,  easy,  especially  with 
the  aid  of  the  X-ray.  Most  of  the  conditions  with  which  it  can  be  confused 
have  been  mentioned  above.  The  most  important  of  these  are  simple 
dilatation  of  the  aorta,  mediastinal  tumors,  pulsating  empyema  or  encapsu- 
lated pericarditis,  and  enlarged  mediastinal  or  branchial  glands.  Any  of 
these  may  cause  the  dulness,  the  tracheal  tug,  the  inequality  of  pupils 
and  pulse.  The  systolic  thrill  and  murmur  may  also  be  communicated  by 
a  very  solid  tumor  or  may  arise  in  a  very  vascular  sarcoma,  aberrant  thy- 
roid with  stroma,  or  metastasis  from 
I    \«  a  medullary  carcinoma  or  hypeme- 

M     ff'^  phroma.  A  diastolic  shock  is  scarcely 

J^y     I  \^  ever  felt  over  even  the  most  vascu- 

^,^00m.~jm*i^^f^         JV^s         ^^""^   tumors,  but  is,  of  course,  well 

^^^ "^''ririflfe^'  j-W^     I       marked  over  a  dilated  aorta.    The 

j^        ,  <^'  ' ^jiU^XX    \  presence  of  a  forcible  expansile 

^  '^JJIH^^  ^^^JiV  '   P"^^*^^°^  ^^  *^®  interspaces  is  suffi- 

Kff  'V/J/^'7—      ^^i^S  cient  to  exclude  tumors;  but  in  the 

Fia.  3!3.— Tortuous  aubclavian  artery,  rimu-       first     and    SeCOnd    interspaces     when 

feSL*.S^r.hr^";,.l^''u.Srii'bfo;:  ^^ere  is  no  actual  bulging  it  may 
Bhaiang.  be  due  to  a  simple  dilatation  of  the 

aorta.  The  tracheal  tug  may  further 
be  due  simply  to  displacement  of  the  heart  or  aortic  arch  or  to  enterop- 
tosis,  while  the  inequality  of  the  pulse  may  arise  from  the  presence  of  adhe- 
sions or  arteriosclerotic  plaques  about  the  origin  of  the  subclavian  arteries. 

The  absolute  diagnosis  can  almost  always  be  made  by  X-ray  exam* 
i  n  a  t  i  o  n ,  but  even  then  a  tumor  may  be  encountered  whose  shadow  shows 
no  expansile  pulsation  and  whose  nature  remains  in  doubt.  The  homogene- 
ous shadow,  with  its  regular  spherical  or  oval  form  and  its  connection 
^ith  the  aorta,  is  usually  evidence  of  aneurismal  nature. 

In  doubtful  cases  the  greatest  care  is  necessary,  for  the  physician  should 
always  bear  in  mind  that  the  earlier  the  aneurism  can  be  treated  the  greater 
the  chance  of  cure,  aiid  this  stage  of  hope  is  usually  the  stage  in  which  the 
physical  signs  are  still  far  from  definite. 

Occasionally  a  tortuous  carotid  or  subclavian  artery  presenting  its 
convexity  in  the  supraclavicular  fossa  may  simulate  an  aneurism,  so  that, 
as  in  the  case  seen  in  Fig.  313,  it  is  necessary  to  outline  the  supposed  aneu- 
rism with  the  tip  of  the  little  finger.  In  this  case,  which  had  once  been 
diagnosed  aneurism,  it  was  possible  to  reach  below  the  convexity  and  to 
feel  the  outline  of  a  narrow  but  tortuous  subclavian  artery.  Of  course, 
the  X-ray  examination  in  such  a  case  would  at  once  clear  up  the  diagnosis, 
even  if  the  outline  of  the  artery  could  not  be  felt. 

Another  condition  which  may  simulate  aneurism  of  the  subclavian 
artery  is  a  dilated  jugular  bulb,  which  appears  as  a  pulsating  sac  above  the 
clavicle.  This  is  especially  marked  when  tricuspid  insufficiency  is  present. 
In  such  cases  the  arterial  blood-pressure  may  be  low  and  the  arterial  pulses 
weak;  nevertheless,  the  pulsation  is  so  feeble  and  the  connection  with  the 
dilated  veins  so  evident  that  it  should  never  be  mistaken  for  an  aneurism. 


ANEURISM. 


DISSECTING  ANEURISM. 

Shakelton  in  1822  gave  the  first  descriptions  of  dissecting  aneurisms, 
which  were  soon  confirmed  by  Hope  (1833)  and  Henderson  (1843).  In 
this  condition  the  coats  of  the  aorta  are  split  longitudinally  into  two  sleeves, 
— an  outer,  originally  formed  by  the  advcntitia,  and  later  lined  by  new- 
formed  intimal  endothelium;  and  an  inner  sleeve  representing  the  original 
tube  of  the  aorta,  composed  of  the  original  intima  and  media,  and  later 
also  covered  with  new-formed' endothelium. 

PATHOLOGY. 

The  condition  is  not  an  extremely  rare  one,  so  that  Bostroem  in  1887 
was  able  to  collect  reports  of  177  cases.  It  usually  arises  in  the  aorta, 
especially  at  the  beginning  of  the  descending  arch,  and  not  infrequently 
is  formed  as  the  continuation  of  a  simple  aneurism  of  the  arch.  From 
this  region  it  commonly  extends  along  the  whole  length  of  the  aorta  to 


1 

1 
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Fjo.  314.— Diwectinf  &n«uri«ms.  A.  Hp««imra  of  a  dimrvtinc  »r\euri'*m  fpnrfial  dot  formation) 
in  k  man  wiUi  only  two  aorlic  ciup«.  (From  tlie  Anuy  .MiMticnl  Muj«runi,  W«*liinBl«ii.  I>.  C.)  B.  Di»- 
MMtiac  aneurimi  of  L.  R..  invotv^mg  the  «rcb  mad  Iha  de»oen<iiiig  aorta.  (A/ter  MacCallutn;  kindneM 
of  the  Johju  Hopltiofl  Hcwpiml  Bulletin. > 

the  bifurcation,  the  aiteries  sometimes  arising  from  the  inner,  sometimes 
from  the  outer  tube.  Occasionally  the  split  occurs  between  the  layers  of 
the  media,  so  that  both  sleeves  have  a  wall  of  media.  Very  infrequently 
the  out^r  tube  mptures  into  the  inner  tube  near  its  lower  end,  so  that  the 
blood  passes  back  into  the  latter. 

The  most  satisfactory  explanation  for  this  remarkable  lesion  seems 
to  be  the  following  (v.  Moller,  Flockemann,  Schede) :    Aw  long  as  the  lumen 
of  the  artery  is  uniform,  the  blood  exerts  only  a  lateral  pressure  upon  the 
43 
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arterial  walls,  which  acts  "  across  the  grain  "  of  the  arterial  coats.  However, 
when  calcified  plaques  project  into  the  lumen,  these  tend  to  impede  the 
blood-current  so  that  the  longitudinal  pressure  of  the  latter  acts  as  well. 
As  Bostroem  has  shown,  the  resultant  force  acts  in  a  parabola  pointing 
outward  and  downward.  When  this  is  acting  upon  an  area  where  the  media 
is  thinned  or  absent,  it  tends  not  only  to  split  the  coats  "with  the  grain" 
but  also  to  push  the  adventitia  outward.  The  wall  gives  way,  the  split 
lengthens,  and  the  outer  sleeve  is  formed.  Whether  or  not  the  aorta  then 
ruptures  depends  upon  the  ability  of  the  adventitia  alone  to  withstand 
the  blood-pressure. 

The  coagulation  of  the  blood  within  the  sac  depends  upon  the  formation 
of  fibrin  ferment  in  the  tissues  of  the  adventitia  and  the  rapidity  of  the 
blood-flow  within  the  new-formed  sac.  It  is  quite  frequent  for  extensive 
and  even  total  coagulation  of  the  contents  to  take  palce. 

SYMPTOMS    AND    SIGNS. 

A  considerable  proportion  of  the  cases  of  dissecting  aneurisms  give 
no  outward  manifestation  during  life  and  are  accidental  findings  at  autopsy. 
A  large  number  give  the  usual  signs  of  ordinary  aneurism,  especially  when 
they  arise  as  a  continuation  of  the  latter.  This  is  well  exemplified  by  the 
following  case,  which  was  under  the  writer's  observation  during  his  last 
admission  to  the  hospital.  (The  pathological  findings  and  clinical  notes 
are  taken  from  the  report  of  Professor  MacOallum.) 

L.  R.,  negro,  aged  30,  had  been  treated  in  the  Johns  Hopkins  Hospital  one  year 
previous  to  his  final  admission,  at  which  time  the  diagnosis  of  aneurism  of  the  aorta 
had  been  made.  At  the  final  admission  the  patient  was  found  to  be  suffering  from  an 
arthritis  with  symptoms  of  general  fever,  sweating,  etc.  The  heart  was  enlarged,  dulness 
extending  13-o  cm.  to  left  and  3  cm.  to  right  of  midline.  There  was  visible  impulse  and 
heaving  in  second,  third,  fourth,  fifth,  and  sixth  interspaces,  far  out  in  first  and  second 
left  interspaces.  Heart  sounds  were  clear,  dull,  and  ringing;  second  sound  followed  by 
soft  diastolic  murmur  in  third  left  interspace,  not  heard  in  neck. 
Patient  died  in  delirium  with  high  fever.    , 

Autopsy  showed  general  streptococcus  septicsmia,  hemorrhagic  nephritis,  acute 
purulent  arthritis,  obliterative  pericarditis,  aneurism  of  ascending  aorta,  dissecting  aneu- 
rism of  the  descending  aorta.  The  aortic  orifice  is  not  dilated  (8  cm.  in  circumference).  A 
large  aneurismal  sac  (7  cm.  in  diameter)  lies  behind  the  pulmonary  artery;  it  extends 
upward  in  the  aorta  to  the  arch,  beyond  which  the  tube  becomes  double,  the  inner  tube 
(the  original  lumen  of  the  aorta)  having  for  its  walls  the  original  intima  plus  media, 
the  outer  tube  media  plus  new-formed  endothelium.  Numerous  trabeculse  jut  out 
transversely  into  its  lumen.  Some  of  the  intercostal  vessels  arise  from  the  new,  some  from 
theolu  iumen.  The  left  renal  artery  arises  from  the  old  lumen;  the  right  has  been  torn 
and  arises  from  the  outer.  At  the  lower  end  above  the  bifurcation  the  outer  tube  has 
ruptured  back  into  the  original  lumen. 

Another  type  is  exemplified  by  a  case  under  the  care  of  Professor 
Halsted;  also  reported  by  MacCallum. 

Patient,  aged  60,  subject  to  mental  disturbance  and  epileptiform  attacks,  complained 
on  May  28  of  intense  pain  over  the  whole  bod}',  which  he  could  not  locate.  On  May  28  his 
abdomen  was  much  distended  and  he  was  jaundiced.  There  was  pain  in  the  r^on  of 
the  appendix.  His  temperature  was  100°.  Leucocytes  20,000.  Exploratory  laparotomy 
showed  an  extremely  distended  colon  which  was  relieved  by  colostomy.  Patient  died 
the  next  day. 
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Autopsy  showed  a  dissecting  aneurism  along  the  whole  aorta,  splitting 
the  media.  The  outer  sleeve  of  the  descending  arch  perforated  into  the  posterior  mediasti' 
nam,  giving  rise  to  a  treraenduous  hsematoma  which  distended  that  space  down  to  the 
diaphragm.  The  rupture  had  evidently  given  rise  to  the  pain;  the  disint^ration  of  red 
corpuscles  in  the  clot  had  caused  the  hiematogenous  jaundice.  Both  these  phenomena 
are  conunon  in  cases  of  this  type. 

ANEURISM  OF  THE  PULMONARY  ARTERY. 

Aneurisms  of  the  pulmonary  artery  are  very  rare  as  compared  with 
those  of  the  aorta.  Henschen  (1906)  has  recently  summed  up  the  reported 
cases.  In  contrast  to  aortic  aneurism,  he  finds  that  there  is  no  close  rela- 
tionship to  hard  work;  18  out  of  34  cases  (50  per  cent.)  were  in  men,  16  (47 
per  cent.)  in  women;  39  per  cent,  occurred  under  the  age  of  30  (as  com- 
pared with  18  per  cent,  of  aortic  aneurisms).  Acute  infectious  diseases 
and  lues  seem  to  be  the  main  etiological  factors.  The  ductus  arteriosus 
Botalli  was  frequently  found  open  (17.5  per  cent.),  which  would  indicate 
that  some  disturbance  during  fetal  life  or  soon  after  birth  had  been  a  pre- 
disposing factor.  Frequently  there  is  a  certain  degree  of  narrowing  of  the 
pulmonar}'  artery  (32  per  cent.).  In  8  cases  (20  per  cent.)  there  were  also 
marked  arteriosclerotic  changes  in  the  pulmonary  artery. 

Among  40  cases  there  were  the  following  complications:  pulmonary 
stenosis  2;  relative  pulmonary  insufficiency  5;  organic  pulmonary  insuffi- 
ciency; other  valvular  lesions  3. 

The  subjective  symptoms  are  not  pathognomonic  and  are  very  similar 
to  those  of  congenital  heart  disease;  palpitation,  dyspnoea  and  cardiac 
asthma,  constriction  of  the  chest,  cough,  often  cedema  of  the  lungs  and 
blood-tinged  expectoration,  intense  cyanosis,  oedema,  anasarca,  ascites, 
hydrothorax.  I)eath  sometimes  results  suddenly  from  rupture,  sometimes 
from  intercurrent  pericarditis  and  endocarditis,  sometimes  from  diseases 
of  the  respiratory  tract. 

DIAGNOSIS. 

According  to  Henschen,  the  diagnosis  is  justified  when  the  following 
signs  are  all  present  simultaneously: 

1.  Intense  cyanosis  and  other  signs  of  stasis,  constriction,  and  bloody 

expectoration,  sometimes  sternal  pain. 

2.  Prominence  of  second  and  third  left  costal  cartilages  or  second  left 

interspace  and  well-defined  dulness  or  X-ray  shadow  in  this  area. 

3.  Pulsation  and  well-defined  thrill  and  murmur  in  second  left  inter- 

space. 

4.  Loud  superficial  rasping  systolic  murmur. 

5.  Hypertrophy  of  the  right  heart. 

6.  Absence  of  dilatation  or  hypertrophy  of  left  heart  (apex  dulness 

not  outside  the  mammillary  line). 

7.  Absence  of  other  signs  of  aortic  aneurism. 

The  X-ray  shadow  furnishes  the  most  important  aid  in  diagnosis. 
However,  the  correct  diagnosis  was  made  intra  vitam  only  once  or 
iwice  in   his  40  cases. 
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ANEURISM  OF  THE  ABDOMINAL  AORTA. 

Owing  to  its  frequency  (10-14  per  cent,  of  aneurisms)  and  its  surgical 
accessibility,  aneurism  of  the  abdominal  aorta  is  of  great  importance.  Owing 
to  its  exposed  situation,  trauma  is  a  more  frequent  cause  than  in  thoracic 
aneurism.  As  Sibson  has  shown,  it  is  usually  (133  out  of  171  cases)  situated 
just  below  the  diaphragm  and  above  the  cceliac  axis,  in  the  place  where  it 
gives  the  greatest  number  of  symptoms  and  is  most  inaccessible  to  operation. 

The  most  important  symptom  of  aneurism  of  the  abdominal  aorta 
is  abdominal  pain,  — epigastric  or  in  the  regions  of  kidney  and  gall- 
bladder, sometimes  in  the  flanks,  sides,  and  back.  The  pain  is  usually 
more  marked  on  one  side  than  the  other,  but  may  be  bilateral.  Until  the 
appearance  of  a  palpable  tumor  the  condition  may  be  readily  mistaken 
for  renal  calculus,  gastric  ulcer,  or  other  abdominal  disease,  or  for  psoas 
abscess.  The  pain  may  be  so  intense  as  to  require  morphine,  even  in  large 
doses,  though  acetanilid,  antipyrin,  aspirin,  etc.,  may  be  of  use  at  first. 
Palpitation  is  also  commonly  felt  in  the  aneurism. 

All  these  symptoms  are  common  in  neurasthenic  women  who  have 
vigorously  pulsating  abdominal  aortas,  especially  associated  with  enterop- 
tosis.  It  is  probable  that  in  this  condition  the  peritoneal  moorings  of  the 
aorta  are  rather  loose.  When  the  arterial  pressure  rises  at  systole,  the  angle 
curves  of  the  abdomnal  aorta  and  common  iliac  arteries  tend  to  straighten 
themselves  and  thus  throw  the  aorta  forward  toward  the  abdominal  wall, 
at  the  same  time  giving  a  painful  tug  upon  the  abdominal  nerves  as  they 
emerge  from  the  vertebral  column.  The  looser  the  moorings  of  the  aorta 
the  greater  its  excursion  and  the  greater  the  pull  upon  structures  other 
than  those  which  normally  hold  it.  Arteriosclerosis  of  the  abdominal 
vessels  may  also  give  rise  to  similar  symptoms. 

Mere  pulsation  of  the  aorta  in  the  epigastrium  and  elsewhere,  even 
when  associated  with  quite  intense  pain,  is  therefore  not  necessarily  a  sign 
of  abdominal  aneurism.  In  doubtful  cases  it  is  most  important 
to  outline  the  whole  course  of  the  aorta  by  pressing  the 
fingers  of  the  two  hands  down  on  either  side  of  the  vessel  so  as  to  include 
the  abdominal  aorta  between  them.  The  expansile  nature  of  the  pulsation 
can  be  felt  by  pressing  downward  and  inward.  Any  irregularity  or  bul^ng 
along  its  course  may  be  felt  readily  in  this  way.  For  the  diagnosis 
of  an  aneurism  it  is  necessary  to  outline  a  tumor  with 
expansile  pulsation  arising  from  the  abdominal  aorta,  limited  in 
extent  above  and  below,  and  spherical  or  oval  in  shape.  There  is  usually 
a  well-marked  thrill  over  an  aneurism.  The  pulse-wave  in  the  femorals  is 
usually  much  retarded  in  aneurism  (apex  beat— femoral  pulse  interval  = 
0.24  +  sec.)  but  not  in  simple  aortic  pulsation.  The  early  diagnosis  may 
sometimes  be  made  with  the  fluoroscope,  care  being  taken  to  empty  the 
bowels  by  a  day  or  two  free  purgation  and  preliminary  milk  diet,  and  then 
to  examine  the  abdomen  with  a  "compression  diaphragm"  (Kompres- 
sionsblende)  so  as  to  push  the  other  structures  aside.  Oblique  illumina- 
tions and  inflation  of  stomach  and  colon  with  air  may  be  helpful. 

As  the  aneurism  grows  it  may  press  upon  the  renal  arteries  and  veins 
and  may  cause  albuminuria,  cylindruria,  hsematuria,  or  even  anuria 
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and  death  from  this  cause.  It  may  press  upon  the  intestines  and  cause 
intestinal  paralysis,  with  death  from  obstruction,  or  may  give 
rise  to  many  symptoms  from  pressure.  F'rosion  uf  the  vertebrae 
and  prcssure  on  the  cord  or  eauda  equina  may  lead  to  paraplegia 
(flaccid)  and  may  cause  most  intense  pain. 

Abdominal  aneurisms  may  rupture  the  retroperitoneal  tissue  into 
the  i>entoneuin,  especially  the  lesser  peritoneal  sac  into  the  stomach, 
intestines,  or  vena  cava.  They  rupture  externally  in  the  epigastrium.  The 
rupture  is  attended  with  excruciating  pain  and  often  collapse,  but  death 
may  not  ensue  for  some  time  thereafter,  as  the  clotting  of  blood  in  a  small 
space  may  prevent  further  outflow  from  the  vessels.  Thus,  in  the  case 
cited  below,  the  aneurism  ruptured  into  the  retroperitoneal  tissue,  com- 
pressing the  renal  vessels.  The  pain  accompanying  ami  following  rupture 
was  excruciating,  probably  owing  to  stretching  of  the  solar  plexus. 

PROGNOSIS  AND  TREATMENT  OF  ANEURISM. 

In  spite  of  the  fact  that  aneurisms  occasionally  cea.se  to  develop  or 
even  undergo  spontaneous  cure  by  thrombosis,  this  procedure  is  to  be  re- 
garded as  a  rarity,  and  it  is  not,  under  any  circumstances,  to  be  expected. 
By  far  the  greater  number  of  aneurisms  cause  the  death  of  the  patient 
within  from  one  to  five  years,  though  occasionally  they  remain  stationary 
for  twenty-five  or  thirty.  It  is,  thei-efore.  necessary  to  attempt  to  modify 
the  course  by  treatment.  As  the  intrathoracic  aneuiisms  were  not  well 
known  to  the  ancients,  their  therapy  for  aneurism  was  confined  to  ligature 
of  the  peripheral  aiieries. 

Valsalva  (1666-1723)  recommended  lessening  the  force  of  the  heart- 
beat by  absolute  rest  in  the  recumbent  posture,  ''starvation  diet."  and 
frequent  removal  of  small  quantities  of  blood  by  venesection.  The  two 
former  procedures  were  revived  by  Tufnell  in  1S74.  Tufnell  reported  a 
number  of  eases,  especially  of  aneurism  of  the  abdominal  aorta,  cured  by 
restriction  of  the  daily  intake  to  ten  ounces  of  solids  and  ten  ounces  of 
liquids  for  several  weeks. 


n      .-    .  f  Bread  and  butter flOGm.  (5u) 

^'***^**' tMiik m>c.c.  (Sii) 

(  Meat 60-100  Gm.  (5ii-iii) 

I  Milk  7&-12.5  c.c.  (5iii-iv) 

(  Bread m  Gm.  (5u) 

\Milk (iOcc.  (5ii) 


Dinner. 


Supper. 


The  patient  is  given  no  water,  and  is  not  allowed  to  rise  from  the  horiaont-al  jwsition 
even  for  an  instant.  As  a  result  of  this  the  blood-pressure  falla  and  the  pulse-rate  also. 
In  his  first  case  the  pulse-rate  fell  from  104  to  69  per  minute,  equalling  a  diminution 
of  5U,4tKj)  beats  in  twenty-four  hours.  The  wall  of  the  aneurism  is  spare<1  just  this  amount 
of  iitrain,  the  volume  of  blood  diminishes,  and  the  aoeurismal  sac  may  gradually  contract 
do^irn,  facilitating  clotting. 

Tufnell's  results  (cure  of  two  abdominal  and  one  popliteal  aneurism) 
are  rather  striking,  but  the  treatment  imposes  the  greatest  hardship  on 
the  patient  anr!  few  have  the  hardihood  to  give  it  an  adequate  trial.  That 
the  restriction  of  fluid  to  ten  ounces  daily  may  be  harmful  is  suggested  by 
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the  fact  that  his  first  case  developed  -uraemia  at  the  end  of  the  treatment 
and  died  from  that  about  as  soon  as  he  would  probably  have  died  from  the 
natural  progress  of  the  aneurism. 

Alonzo  Taylor  has  made  very  careful  studies  of  the  blood  in  three  patients  under 
Tufnell  treatment,  who  were  also  receiving  potassium  iodide  1  Gm.  (gr.  xv)  and  calcium 
chloride  2  Gm.  (gr.  xxx)  daily,  and  who  were  being  bled  (250  c.c.)  every  eighteen  days. 
He  found  no  change  in  the  concentration  of  the  blood  or  in  calcium  in  the  blood,  and  only 
slight  fall  of  red  corpuscles.  The  coagulation  time  was  unchanged  in  one  patient,  slightly 
shortened  in  another.  The  aneurisms  became  somewhat  smaller,  but  no  cures  resulted. 
At  the  Johns  Hopkins  Hospital  the  method  was  tried  very  assiduously  for  many  years, 
supplemented  by  subcutaneous  gelatin  injections  as  suggested  by  Lancereaux.  Later  cal- 
cium lactate  has  been  used.  There  have  been  but  few  satisfactory  results  (Fut^her) ,  tb  ougb 
Professor  Osier  stated  that  he  had  seen  several  cases  of  cure  in  his  extensive  experience. 

Potassium  iodide  was  used  in  aneurism  by  Bouillaud  (1859) 
and  Chuckerbutty  (1862),  and  especially  by  Balfour,  who  found  that  it 
caused  great  relief  from  the  pain,  and  claimed  that  the  aneurism  also  dimin- 
ished considerably  in  size.  Subsequent  e.xperience  demonstrates  the  cor- 
rectness of  the  claim  that  aneurismal  pains  are  often  relieved  by  potassium 
iodide,  but  few,  if  any,  cures  of  well-defined  thoracic  aneurisms  can  be  ob- 
tained by  its  use.  Its  modus  operandi  is  still  obscure,  probably  acts  pri- 
marily upon  the  spirochsetes  and  ciuses  healing  of  the  luetic  arteritis. 
Gibson  thinks  that  "  we  may  admit  it  to  be  extremely  probable  that  under 
the  influence  of  iodide  of  potassium  the  nutrition  of  the  walls  of  the  sac,  as 
well  as  of  the  whole  of  the  arterial  system,  undergoes  improvement." 

Wiring. — The  reason  that  an  increased  coagulability  of  the  blood  and 
a  slowed  circulation  do  not  of  themselves  produce  intrasaccular  clotting 
is  that  the  latter,  like  the  vessels,  is  lined  with  endothelium  and  does  not 
furnish  fibrin  ferment.  As  stated  by  Moore  in  1864,  "  the  first  indispensable 
condition  for  the  cure  of  a  thoracic  aneurism  is  to  provide  means  of  eliciting 
fibrin  from  the  blood  "  (producing  fibrin  ferment  in  situ),  and  the  "  second 
....  to  extend  the  surface  within  it  on  which  the  fibrin  may  coagulate." 
In  order  to  supplement  these  deficiencies,  Moore  suggested  the  introduction 
of  fine  wire  into  the  aneurismal  sac.  Murchison  submitted  to  him  a  case 
of  aneurism  of  the  ascending  aorta  which  pointed  on  the  surface  of  the  chest. 
Moore  slowly  introduced  twenty-six  yards  of  fine  iron  wire  through  a  fine 
needle.  The  pulse  fell  from  116  to  92,  the  pulsation  of  the  tumor  almost 
ceased,  but  the  patient  died  in  collapse  two  days  later. 

Previously  to  Moore,  Gu^rad  (1821),  P^trequin  (1845),  and  Ciniselli 
(1847)  induced  clotting  by  passing  weak  ejectric  currents  between  the  tips 
of  two  needles  introduced  into  the  sac  (galvanopuncture).  Corradi  com- 
bined the  two  methods  by  using  the  wire  as  one  pole  of  the  battery. 

The  writer  is  indebted  to  Prof.  J.  M.  T.  Finney  for  the  following  descrip- 
tion of  his  procedure  in  wiring  aneurisms : 

The  wire  used  in  this  operation  is  an  alloy  of  80  parts  copper  to  1000 
silver,  of  about  0.33  mm.  thickness  (old  English  gauge  No.  27),  drawn  so 
as  to  be  very  spring>'.>    Previous  to  the  operation  it  should  be  wrapped  upon 

'Gescheider  Bros.,  Cor.  Monument  and  Gay  Sts.,  Baltimore,  prepared  this  wire 
according  to  Dr.  Finney's  directions. 
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an  ordinary  spool  so  that  it  wiE  preserve  the  curve  even  after  insertion  into 
the  aneurismai  sac  and  curl  firouml  and  around  within  the  latter.  Wire  and 
spool  are  sterilized  by  l)oi[ing.  The  wire  is  introduced  into  the  aneurismal 
sac  through  an  ordinary  infusion  needle,  which  should  be  just  large  enough 
to  allow  the  wire  to  enter.  This  needle  must  be  carefully  insulated  by  dip- 
ping in  black  enamrf,  after  whieh  it  is  dry  sterilized  by  heating  in  a  test-tube 
at  160°  (Centigrade)  for  one  hour.  (Heating  with  water  or  steam  might 
loo.sen  the  enamel.) 

Before  proceeding  with  the  operation  a  cathode  pad  electrode,  at  least 
8x  10  cm.  in  size,  is  placed  over  the  patient's  back,  while  a  sterile  anode  wire 
of  the  medical  battery  is  connected  with  the  distal  end  of  the  sterile  silver 
wire.  The  proximal  end  of  the  wire  is  inserted  into  the  needle  before  the 
operation  is  begun. 

Just  before  the  operation  the  patient  may  be  given  a  hypodermic  injec- 
tion of  morphine  15  to  30  mg.  (gr.  i  to  i),  the  skin  over  the  aneurism  eare- 
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Fir..  315. — Diagram  f^howing  the  various  melhodi'  for  the  operative  treatracnt  of  aoeurUm,  An 
indicate  dir«ctioa  of  the  biood  stream.  A.  Ligalurfl  above  and  below  the  ^ac  (.\iityUu»).  B.  Ligata 
above  and  below  the  sac;  removal  of  the  sae  (Hueter).  C.  Ligature  above  and  at  8ome  distance  from 
tbe  »ac  (Hunter).  V.  V,  represent  vaaa  vasorum.  D.  Ligat4ire  below  the  t^ac  fBrawlor,  Wardrop). 
E.  Uetal  baud  ^Ilalsted).  F.  Oblitcmlioo  of  the  sac  (Matns).  d.  laying  the  sutures  in  the  .«ac;  6.  arterial 
tube  left  patent  after  tJ«htei»mg  suture?!;  c,  eutire  lumen  oblitemte<l  by  sutures.  G.  Successful  i^iring  of 
a  sacculated  aneuriim  by  the  Moore-TornMli  method,  showing  the  electroiles  (  f  .  —  )  in  plaec.  H.  Wtring 
of  an  oueurifun  with  wide  mouth.  Khowiiig  the  action  of  eddy  currflots  in  penetrating  between  the  dot 
and  tbe  aoeuriiiiu  wall.     (Compare  nith  Fin.  310.) 


fully  sterilized,  and  a  little  sterile  1  per  cent,  cocaine  or  novocaine  solution 
injected.  In  inserting  the  needle  the  skin  should  be  drawn  aside  a  little, 
80  that  the  opening  in  the  sac  may  not  remain  exactiy  F>eneath  the  skin 
puncture,  after  the  needle  is  removefi;  the  danger  of  infection  of  any  ensuing 
ha^matoma  may  thus  be  lessened.  The  entrance  of  the  needle  into  the  sac 
is  marked  ]>y  the  egress  of  a  small  amount  of  blou<l.  The  wire  i«  then  pushed 
in  slowly,  while  an  a^^si-stant  holds  and  rotates  the  spool  in  order  to  avoid 
kinking  and  to  allow  the  wire  to  coil  up  well  within  the  sac.  After  about 
10  feet  of  wire  has  been  inserted,  the  wire  is  cut  off  about  1  foot  from  the 
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skin  and  connected  by  a  clamp  with  tlie  ano<te  wire  of  the  battery.  The 
galvanic  currpnt  is  now  very  gradually  turned  on  until  a  strength  of  10  miUi- 
amperes  is  reached^  and  this  is  allowed  to  run  for  30  minutes,  after  which  it 
is  gradually  niiscd  to  20  milliamjxTPS  for  10  minutes  unless  tliis  should  cause 
great  diseomfort  to  the  patient.  The  current  is  then  turned  off,  the  needle 
removed,  and  the  excess  of  wire  cut  off.  In  cutting  off  the  wire  the  skin 
should  be  held  taut  between  two  fingers,  to  prevent  the  formation  of  a 
htematoma,  and  the  stump  of  wire  then  cut  off  with  a  curved  scissors,  ex- 
erting as  much  pressure  as  possible  so  that  when  pressure  is  removed  the 
stump  of  wire  shall  be  buried  well  below  the  level  of  the  skin  and  the  skin 
shall  slide  smoothly  over  it.  If  necessary,  pressure  over  the  tumor  may  be 
continued  in  order  to  avoid  the  formation  of  a  ha?matoma,  for  the  latter 
becomes  infected  eiisily  and  the  presence  of  an  area  of  inflammation  may 
vitiate  the  result  of  the  wiring. 

Even  when  the  clotting  within  the  sac  is  complete,  the  end  result  of  the 
wiring  is  still  in  doubt.  Thus,  in  14  cases  cited  by  Hunner  which  had  been 
treated  by  wiring  alone,  two  cases  of  abdominal  aneurism  (Morse  and  Langton) 
had  been  cured;  in  twenty-three  cases  (Meventeen  thoracic)  there  were  three 
cures  (17,7  per  cent.).  Prof.  Finney  has  recently  reported  a  series  of  24 
cases,  all  treated  by  himself  by  the  Moore-Corradi  method,  with  three  recov- 
eries, though  in  many  of  the  cases  life  was  undoubtedly  prolonged  and  the 
patient's  comfort  greatly  increased.  Rosenstim'a  case  of  thoracic  aneurism 
was  still  living  and  well  twenty  years  after  the  operation. 

It  is  evident  that  there  is  great  variation  in  the  results  obtained  in  dif- 
ferent cases,  and  the  factors  which  detennine  this  merit  some  considera- 
tion. In  fusiform  and  partially  sacculated  aneurisms  the  clot  held  in  the 
meshes  of  wire  rarely  resists  the  impact  of  the  blood  stream  and  may  be 
carried  away  in  large  cmlwli,  and  death  from  such  embolism  is  by  no 
means  rare,  so  that  the  treatment  may  sometimes  actually  hasten  the 
patient's  death.  In  aneurisms  of  this  form  there  is  little  to  be  hoped  from 
the  operation. 

In  well-sacculated  and  esjiecially  in  bottle-shaped  aneurisms  with  nar- 
row necks,  better  results  may  be  ol>tained,  for  here  the  clot  may  completely 
fill  the  sac  (Fig.  315)  so  that  the  blood  stream  may  glide  over  its  surface 
instead  of  gradually  shattering  the  clot  by  striking  full  upon  it.  In  wide- 
mouthed  sacs,  however,  though  the  clot  may  at  first  fill  the  sac  completely, 
it  often  happens  that  the  blood  stream  gradually  pushes  in  between  the 
clot  and  the  aneurismal  wall,  so  that  the  area  of  expansile  pulsation  can 
be  felt  day  by  day  encroaching  upon  the  central  solid  area  whose  pulsa- 
tion is  only  transmitted,  until  finally  the  entire  clot  has  been  dissected  free 
by  the  blood  stream  and  remains  in  mid-channel  as  an  island  of  clot  held 
in  the  meshes  of  wire  but  no  longer  giving  support  to  the  aneurismal  wall 
(Fig.  316). 

This  loosening  of  the  clot  is  facilitated  not  only  by  the  general  stretch- 
ing of  the  aorta  walls  under  tlie  influence  of  a  high  maxima!  blood-pressure, 
but  still  more  so  by  the  large  expansions  and  retractions  which  occur  at 
approximately  normal  pressures  where  the  elasticity  of  the  aorta  is  greatest. 
Such  large  pulsations  are  particularly  common  under  nervous  excitement. 
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It  is  evident,  therefoir ,  that  in  order  to  secure  the  best  results  the  aneu- 
rismal  sac  should  he  tis  small  and  its  ncek  as  narrow  ils  possihlo  hofore  the 
wiring  is  undertaken.  This  is  l)est  fie€Uretl  by  a  long  period  of  preliminary 
treatment  with  the  modified  Tufnell  method,  absolute  rest  in  bed  in  the 
horizontal  position,  with  diet  and,  e.speeially,  fluids  very  much  restricted. 
In  aneurisms  of  the  aorta,  which  is  an  artery  of  the  elastic  t>'pe,  the  blood- 
pressure  may  Iw  still  further  reduced  by  sodium  nitrite,  erythrol  tetranitrate 
or  vasotonin,  though  in  aneurisms  of  arteries  with  muscular  walls  a  relax- 
ation of  the  latter  may  not  be  desirable.  Men  tat  quiet  should  he  insured 
in  every  way  possible,  but  it  must  be  remembered  that  isolating  the  patient 
from  the  visits  of  his  friends  and  prohibiting  him  from  reading  in  most  cases 
merely  (eavea  him  a  prey  to  the  soul-racking  worry  from  the  contempla- 
tion of  his  condition,  and,  as  Cannon  and  de  la  Paz  have  shown,  this 
worry  in  itself  keeps  up  the  bioorJ-pressure.  Sedatives  should  be  freely  used, 
hromtdes,  veronal,  or  trional,  as  much  as  conditions  allow,  and  should  l>e  sup- 
plemented by  codeine  in  15  or  30  mg.  (gr.  K  to  %)  doses,  or  even  morphine 
where  pain  or  unrest  demands.  Quiet  of  long  duration  should  be  secured  at 
any  cost. 

In  order  to  bring  the  coagulability  of  the  blood  up  to  its  maximum, 
calcium  lactate  should  be  administered  in  dos€^  of  1  to  2  grams  (grs.  xv 
to  XXX ),  best  given  in  syrup  of  sarsaparilla,  four  times  a  day  for  a  consider- 
able period  both  Ijefore  and  after  the  operation,  and  milk  should  form  a  large 
part  of  the  diet.  This  preliminary  treatment  should  be  kept  up  for  several 
weeks  or  a  month,  so  as  to  bring  tlie  patient  into  the  most  favorable  possible 
condition  for  the  operation;  for  the  outlook  is  much  better  in  such  a  ease 
than  in  an  aneurism  whose  walls  and  mouth  are  stretched  by  a  high  blood- 
pressure. 

The  treatment  after  the  wiring  is  no  le.ss  important  than  the  preliminary 
treatment,  but  eliould  be  of  even  longer  duration.  It  is  all-important  that 
the  clot  must  be  given  a  chance  to  harden  and  it  should  have  an  opportunity 
to  become  as  firm  and  as  adherent  as  possible  to  the  walls  of  the  sac.  As  is 
shown  in  Fig.  300,  adhesions  between  sac  and  thrombus  are  relatively  slight 
and  form  1  Jut  slowly;  but  nevertheless  they  are  of  the  greatest  importance. 

Too  much  stress  cannot  be  laid  upon  the  harmful  rdle  of  mental  excite- 
ment mentioned  alxtve,  for  the  large  pulse-throbs  tear  the  wall  away  from  the 
clotted  mass  that  cannot  move  with  it,  and  thus  prepare  a  channel  into  which 
the  blood  stream  pushes  its  way.  The  entrance  of  such  a  channel  between 
the  wall  and  the  margin  of  the  clot  (Fig.  315)  is  indeed  an  unfavorable  sign,  a 
sign  for  redoubled  precautions,  but  one  which  is  l)y  no  means  hopeless.  The 
clot  itself  is  loaded  with  fibrin  ferment,  and  if  cjuiet  is  resumed  secondary 
clotting  may  set  in.  The  writer  saw  this  strikingly  illustrated  in  the  case 
of  a  physician  with  an  aneurism  of  the  descending  part  of  the  arch  wired 
by  Prof.  Finney,  who  Wivs  recently  under  his  observation  at  the  Johns  Hop- 
kins Hospital.  At  the  operation,  on  Nov.  17,  1010,  per- 
fect clotting  was  secured,  the  aneurismal  protrusion  flattened 
somewhat,  and  the  expansile  character  of  the  pulsation  disappeared.  Eight 
days  later  he  had  several  extremely  anginal  attacks,  so  severe 
that   he   writhed    in   pain,   and    then    he    "had  a  distinct 
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feeling  of  something  giving  way  inside  the  aneu- 
rism.'' After  that  the  expansile  pulsation  returned 
about  the  margin  of  the  tumor.  The  patient  was  kept  at  absolute  rest  in 
bed,  but  for  several  weeks  afterwards  he  was  very  restless,  had  many 
disagreements  with  the  attendants  and  nurses,  and  gave  vent  to  frequent 
outbursts  of  temper.  During  this  period  there  was  no  im- 
provement and  the  expansile  pulsation  became  worse.  At  this  stage 
he  was  first  seen  by  the  writer,  who  was  able  to  bring  him  into  a  calmer 
frame  of  mind,  and,  as  a  result  of  frequent  visits,  much  persuasion, 
and  vigorous  doses  of  potassium  bromide,  this  mental  calm  was  tolerably 
well  maintained  until  he  left  the  hospital.  During  this  period  the 
pulsation  gradually  diminished.  On  January  10,  1911, 
he  "  felt  a  sudden  cooling  of  the  left  arm  and  then  a  lessened  pulsation  in 
the  aneurism."  There  was,  however,  still  some  expansile  pulsation  in  the 
upper  left  axilla,  and  a  systolic  murmur  over  the  entire  aneurismal  sac 
longest  in  duration  over  the  expansile  portion.  With  continued  rest,  mental 
quiet,  and  bromide,  pulsation  gradually  diminished,  and  by  January  29, 
1911,  the  mass  had  become  about  1  cm.  smaller  and  had  receded  entirely 
out  of  the  axilla.  Though  the  pulsation  was  more  marked,  it  had  entirely 
lost  its  expansile  character;  and  it  seemed  probable  that  the  apparent 
increase  in  pulsation  was  due  to  greater  freedom  in  the  movement  of  the 
sac  after  receding  from  the  axilla.  There  was  no  longer  any  murmur  audible 
over  the  tumor. 

All  these  signs  seemed  to  indicate  a  complete  clotting  throughout  the 
aneurismal  sac,  a  result  which,  but  a  few  weeks  before,  had  been  quite  unhoped 
for.  The  patient  remained  in  the  hospital  and  at  rest  for  another  month, 
making  a  period  of  three  months  after  the  operation,  and  left  the  hospital 
in  excellent  condition  with  no  sign  of  expansile  pulsation.  At  time  of  writing 
a  year  later,  he  is  still  in  excellent  condition  and  there  have  been  no  signs 
of  return  of  the  pulsation. 

In  striking  contrast  to  this  favorable  result  was  another  patient  whose 
aneurism  was  in  about  the  same  part  of  the  aorta  as  that  of  the  patient 
mentioned  above,  but  considerably  smaller  and  apparently  better  saccu- 
lated. He  was  wired  by  Dr.  Finney  a  few  months  later  than  this  patient, 
and,  as  in  the  preceding  case,  the  expansile  pulsation  completely  disappeared. 
The  patient  was  a  very  restless  man,  and  in  spite  of  advice  left  the  hospital 
within  a  couple  of  weeks  after  the  wiring,  promising  to  keep  quiet  at  home. 
The  quiet  was  only  relative.  A  few  weeks  later  he  went  to  a  baseball  game, 
at  which  he  was  carried  away  by  his  enthusiasm  and  became  much  excited. 
At  this  time  he  felt  something  giving  way,  the  pulsation  came  back,  and  he 
returned  to  the  hospital  within  forty-eight  hours.  He  was  wired  again, 
with  complete  cessation  of  expansile  pulsation,  but  again  remained  restless 
and  fretful.  The  pulsation  returned  once  more,  and  a  third  wiring  was  done 
at  his  request,  though  with  little  hope  of  recovery.  As  was  to  be  expected, 
this  failed  to  quell  the  tide,  and  he  died  within  two  months. 

This  second  patient  had  a  lesion  which  seemed  much  more  favorable 
for  wiring  than  the  first,  the  primary  result  was  better,  and  his  outlook  then 
seemed  far  more  favorable.   The  decisive  difference  lay  in  the  after-treatment. 


ANEURISM. 


667 


The  first  patient  submitted  gracefully  to  a  long  stay  in  the  hospital,  allowed 
secondary  clotting  to  set  in  and  to  regain  the  ground  lost,  and  then  remained 
long  enough  to  permit  the  clot  to  become  solidly  fixed.  Tlie  second  patient 
obtained  a  better  primary  result,  but  left  the  hospital  before  the  clot  was 
solidly  fixed,  submitted  it  to  a  strain  before  it  was  able  to  withstand  one, 
and  paid  the  penalty  with  his  life. 

The  excellent  results  which  can  sometimes  be  olitained  by  a  careful 
combination  of  both  preliminary  and  after-treatment  are  well  illustrated  by 
a  patient  treated  by  Drs.  C.  L.  Jones,  of  Jamestown,  and  C.  S.  Hamilton,  of 
Columbus,  Ohio,  to  whom  the  \\Titer  is  indebted  for  the  following  data:  The 
patient  was  a  chef  48  years  old,  free  from  venereal  disease,  whose  aneurism 
appeared  within  a  few  days  after  he  had  been  thrown  from  a  street-car.  The 
tumor  was  most  marked  in  the  second  right  interspace  about  five  centimetres 
to  the  right  of  the  midline.  The  patient  was  put  upon  absolute  rest  and  Bal- 
four's modification  of  Tufnell's  diet  (250  c.c.  fluids  and  300  Gm.  solids  in 
twenty-four  hours),  and,  after  forty-three  days'  preliminary  treatment,  the 
aneurism  was  wired  in  the  usual  manner  by  Dr.  Hamilton.  Recovery  was 
uneventful  except  for  occasional  pains  relieved  by  morphine.  The  patient 
remained  in  the  hospital  for  three  weeks,  and  was  keep  at  rest  and  under 
continual  observation  for  four  months,  with  potassium  iodide,  light  diet, 
anil  morphine  to  relieve  the  pains  which  he  occasionally  felt.  After  this 
period  he  led  an  active  life  and  died  from  some  unknowTi  cause  alx)ut  six 
years  later. 

The  excellent  result  obtained  in  this  case  seems  to  be  due  largely  to  the 
careful  treatment,  especially  the  preliminary  treatment.  The  after-treatment, 
though  atlequate  in  this  ca.se,  might  well  prove  too  short  in  many  others. 

As  can  be  seen  from  the  foregoing,  the  treatment  is  quite  as  important 
as  the  operation  itself.  In  justice  to  both  himself  and  the  patient,  the  sur- 
geon should  before  undertaking  the  case  insist  that  the  patient  consent  to 
remain  under  treatment  and  absolute  rest  for  from  three  to  five  months, 
at  least  a  month  of  which  should  precede  the  operation,  and  at  least  another 
month  should  elapse  after  the  last  trace  of  expansile  pulsation  has  been  felt 
in  the  tumor.  Only  threatened  rupture  of  the  aneurism  or  intolerable  symp- 
toms justify  an  operation  without  prolonged  preliminary  treatment. 

In  the  syphilitic  cases  potassium  iodide  and  inunctions  of  mercury 
should  be  given  freely  tu  bring  about  as  far  as  jiossibie  the  death  of  the  spiro- 
chetes in  the  arterial  wall  as  Wfil  as  the  resolution  of  the  syphilitic  infiltra- 
tions about  the  va.sa  vasorum  and  to  bring  the  walls  of  the  aneurism  and  the 
aorta  in  its  vicinity  into  the  l>est  possible  condition. 

Since  one  of  the  main  difHculties  encountered  in  the  operative  treatment 
of  aneurism  consists  of  the  lack  of  organization  of  the  thrombus  after  it  has 
onci*  fortned,  it  is  jxissible  that  in  certain  ciuses  a  combination  of  MacHwan'a 
method  with  the  Moore-Corradi  might  be  of  benefit ;  that  is  to  say,  the  inner 
wall  of  the  aneurism  might  be  lightly  scratched  with  a  roughened  wire  before 
introducing  the  mass  of  wire  through  which  the  current  is  to  be  passed.  The 
removal  of  considerable  areas  of  intimal  endothelium  without  injunng  the 
other  layers  of  the  aneurisma!  wall  would  enable  the  organization  of  the  clot 
to  go  on  at  a  much  greater  rate  than  is  possible  if  the  intiraa  remains  intact. 
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On  the  other  hand,  it  must  be  \yornv  in  mind  that  the  walls  of  piany  aneurisms 
are  murh  thinner  than  one  would  anticipate  from  external  examination  of 
the  tumor,  and  unle^^s  the  greatest  rare  were  talcen  in  the  manipulation  great 
damage  to  the  sac  and  even  perforation  or  rupture  might  result.  Under  no 
cireumstancps  should  this  procechire  he  attempted  over  areas  where  second- 
ary bulgings  are  present  such  as  are  shown  in  contour  in  Fig,  302,  since  these 
indicate  a  weaicening  of  the  wall  over  the  corresponding  area. 

Compression.  —  Aneurisms  of  the  peripheral  arteries,  and  esjjecially 
of  the  abdomiiisil  niorta,  are  sometimes  cured  by  compressing  that  vessel 
above  the  aneurism.     This  was  done  sncceasfully  by  Murray  in  18l>4,  who 

oljliterat^d  the  aneurism  and 
the  femoral  pulse  by  means  of 
a  tourniquet  wound  around 
the  body  above  the  tumor.  A 
number  of  similar  successful 
rases  have  l>een  reported  since 
Murray's,  especially  when  the 
aorta  is  compressed  with  the 
fingers.  The  operator  cannot 
continue  digital  compresaion 
longer  than  five  or  ten  min- 
utes at  a  time,  so  that  it  is 
often  the  custom  to  obtain 
the  assistance  of  a  whole 
class  of  medical  students 
working  in  relays.  In  thia 
way  Shepherd  and  others  have 
been  able  to  keep  the  aorta 
occluded  for  twenty-four  hours,  and  have  brought  about  recovery. 

On  the  other  hand,  the  prolonged  pressure  may  bring  about  necrosis 
of  the  abdominal  wall,  intestine  and  f)ancreas,  or  secondary  peritonitis, 
and  intestinal  oi>struction  may  result  (Biyant,  Lunn  and  Benham,  Moxon 
and  Durham).  The  method  is  therefore  still  a  daring  one,  ami  is  probably 
more  severe  and  less  certain  than  Halsted's  metal  band  method.  Moreover, 
Sibson  found  133  out  of  177  abdominal  aneurisms  (75  per  cent.)  above 
the  level  of  the  coeliac  axis  where  they  could  not  be  reached  by  pressure. 

Ligature  and  Partial  Occiusioit.^Oouble  Ligature. ^The  oldest  method 
of  treating  aneurisms  of  the  peripheral  arteries  is  to  ligate  them  above 
and  below  the  sac  (Antyllus)  (Fig.  315,  A),  after  opening  the  latter  to 
remove  the  blood.  A  more  modern  modification  of  this  method  is  that  of 
Hueter,  who  dissecteil  out  the  entire  aac  after  ligating,  thus  removing  a 
large  mass  of  tissue  which  would  otherwise  become  gangrenous. 

Proximal  Ligature. — Ambroise  Pare  (si.vteenth  century)  departed  from 
the  procedure  of  Antyllus  by  merely  ligating  the  artery  close  above  the 
aneurism  (proximal  ligature — close  to  the  aneurism).  This  cut  off  the 
blood  supply  to  the  walls  of  the  latter  and  to  its  vicinity,  inducing  necrosis 
and  suppuration,  so  that  Anel  (1710),  Desault  {17sr>),  and  John  Hunter 
(1785)  were  led  to  adopt  the  proximal  ligature  at  a  considerable  distance 
above  the  aneurism  (ligature  of  brachial  for  aneurism  of  the  radial  artery; 


Fic.  316. —  Specimen  of  w'rwl  atxlominal  aneurinn. 
ahowing  an  island  of  clot  wttliin  Uie  cuila  uf  wtre  ttur- 
rouaded  by  a  free  blood -ctuumel. 
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ligation  of  femoral  l^elow  the  adduptors  for  popliteal  aneurism ;  lijs^ation  of 
femoral  above  the  adductors — in  Scarpa'^  triangle — for  popliteal  aneurism). 

Distal  Ligature. — In  the  eighteenth  century'  Brasdor  and  later  VVardrop 
practised  ligation  of  the  art€r>'  below  the  aneurism  (distal  ligature)  in 
cases  like  aneurism  of  the  innominate  in  which  the  proximal  ligatui-e  was 
impossible.  As  a  result  of  the  procedure,  a  fusiform  aneurism  of  the  innomi- 
nat-e  becomes  practically  a  sacculated  or  flask-yhaped  aneurism  of  the  aorta, 
the  inncmiinate  artery  being  converted  into  a  blind  sac  with  narrowed 
neck,  and  coagulation  is  thus  facilitated.  This  operation  is  still  the  one 
most  commonly  performed  for  aneurisms  of  the  innominate,  carotid,  and 
first  part  of  the  subclavian  arter}\  Sheen  has  collected  statistics  of  36 
cases  of  innominate  and  subclavian  aneurism,  22  before  1880  with  1  recov- 
er>%  14  aft>er  ISSO  with  8  recoveries,  7  aft^r  1890  with  5  recoveries  and  5 
cures.  To  this  list  might  be  added  2  cases  of  Haltsed  and  1  of  Finney 
with  recovery  and  cure.  The  deaths  before  18K0  were  usually  due  to  sepsis 
and  hemorrhage.  In  operating  upon  the  innominate  artery  it  is  most  im- 
portant that  both  the  carotid  anil  subclavian  arteries  should  lie  ligated, 
for  if  one  of  these  arteries  be  left  open  (as  in  the  case  of  J.  B.)  the  pressure 
in  the  sac  is  increased  without  stopping  the  blood-flow  through  it,  and  the 
growth  of  the  aneurism  is  actually  favored. 

Moore  in  his  first  paper  suggested  the  combination  of  this  form  of 
ligation  with  wiring  for  aneurisms  of  the  innominate.  This  double  proceil- 
ure  has  not  attract^'d  much  attention,  as  in  the  absence  of  sepsis  the  simple 
ligature  is  often  satisfactory,  but  it  is  no  doubt  applicable  in  a  certain 
number  of  cases  where  ligation  is  not  quite  adequate. 

The  chief  oh  j  e  ction  to  the  simple  ligation  of  arteries 
lies  in  the  fact  that  the  permanent  results  are  often  unsatisfactory,  for 
either  the  ligature  may  be  so  tight  as  to  produce  necrosis  of  the  tissues 
under  it  and  thus  bring  on  rupture  of  the  artery,  or,  as  Halsted  has  shown, 
the  arterial  lumen  may  be  re-estabhshed  in  spite  of  the  ligature.  In  many 
of  Halstetl's  experiments  upon  ligating  the  larger  arteries,  the  lumen  of  the 
artery  gradually  dilated  above  and  l>elow  the  ligature,  so  that  the  latter 
was  left  surrounded  by  a  thin  membrane  or  septum  of  scar  tissue.  This 
septum  then  perforated  in  one  or  two  places. 

Occlusion  with  Mcial  Bands.  —  To  obviate  this  and  for  other  reasons 
Halsted  has  devised  a  very  ingenious  procedure,  which  consists  in  the  occlu- 
sion of  the  ves.sel  by  surrounding  it  with  wide  metal  bantls.  These  metal 
bands  take  the  place  of  the  ligature;  but  when  properly  applied,  do  not 
occlude  the  vasa  vasorum.  and  hence  permit  the  proper  nourishment  of  the 
arterial  wall.  Their  effect  is  more  certain  than  that  of  ligatures,  since  they 
do  not  allow  the  lumen  to  be  re-established.  The  chief  advantage,  how- 
ever, lies  in  the  ability  of  the  operator  to  obtain  a  partial  occlusion  of  the 
vessel  sufficient  to  reduce  pulsation  in  the  aneurism  to  any  desired  degree, 
without  obhterating  the  circulation  below  before  a  collateral  circulation 
has  Ijeen  established.  This  renders  it  the  oi>eration  par  tfXieUence  in  ab- 
dominal aneurisms  and  aneurysms  of  the  iliac  and  femoral  arteries,  in  which 
the  other  procedures  are  likely  to  be  dangerous. 

The  bands  are  made  of  No,  IV.i  sheet  ulununutii  of  a  width  varying  from  5  to  15  milli- 
metrea  uccording  to  diameter  of  the  artery  which  is  to  be  occluded.    The  stnp  is  cut  a  Little 
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longer  than  the  circumference  of  the  artery  (as  shown  by  a  tape  paswcd  around  the  art€iy). 
All  the  sharp  edg,es  must  be  carefully  filed  ofT  until  they  are  Bnn>oth  and  round,  lest  they 
cut  into  the  walls  of  the  artery.  The  strip  is  ihen  insertetl  into  a  speciaJly  devised  holder 
(Fig.  315,  E),  where  it  is  held  in  a  slot;  from  thLs  it  may  be  extruded  by  pressing  upon  tlie 
rammer  above;  and  as  it  is  extruded  below  it  is  curled  by  the  curve  at  the  foot  of  the  slot. 
The  faster  the  strip  is  extruded  the  more  tightly  it  is  curled.  The  cur\'ed  foot  of  the  holder 
is  placed  beneath  the  artery,  which  is  held  ju^t  lightly  enough  against  the  ioHtep  of  this 
foot  to  almoftt  occlude  the  lumen.  The  strip  is  e.xtruded  Ijy  piisliiiig  the  rammer  jiwt  fast 
enough  to  give  the  desired  cud.  Tension  on  the  arter>'  is  then  relaxed.  The  pulse  can  be 
felt  in  the  artery  below  the  band,  accompanieiJ  by  a  wellHlefijied  thrill.  The  band  is  then 
tight«ne<l  by  rolling  it  gently  under  the  fingers  of  one  hand  while  palpating  the  artery  below 
it  with  the  other.  The  degree  to  which  the  band  b  tightened  depends  upon  the  artery 
affected.  In  the  ca.se  of  the  alxlominal  or  descending  thoracic  aorta  it  should  be  rolled  until 
the  thrill  hiw  greatly  diminiiihcd  but  not  dinapiHiared ;  in  the  larger  branches  of  the  aorta 
the  pulse  may  be  made  to  disap()ear  absolutely.  In  a  few  minutes  a  regurgitant  pulae 
may  mark  the  apjiearanee  of  a  collateral  circulation.  When  this  operation  is  performed 
Bucce-sfi fully,  the  artery  l>ecome-^  gradtiaMy  occluded  at  the  jxiint  of  constriction,  and  a 
rich  collateral  circulation  forme<l,  »o  good  in  fact  that  in  one  case  in  which  Professor  Halsted 
had  occludeil  the  descending  thoracic  aorta  Erlanger  found  the  blood- pressure  in  the  femoral 
{eight  niontha  afterward)  only  thirty  miljinietres  1m?1ow  that  in  the  brachial.  For  practical 
purposes  this  exactly  duplicat«.^  the  conditions  in  the  adult  type  of  stenosis  of  the  isthmus 
of  the  aorta  (see  f^age  546),  except  that  the  anastomoses  take  place  later  and  hence  are 
not  quite  as  extensive. 

Professor  Halsted  has  now  operated  upon  a  number  of  cases  with  very 
promising  results,  and  the  operation  gives  promise  that  in  the  bands  of  a 
surgeon  who  has  practised  the  technic,  it  may  completely  supersede  the 
metho<ls  of  ligature  and  fompression. 

Arteriorrhaphy  (Matas  Operation).— R.  Matas  in  1005  introduced  an 
entirely  new  technic  in  treating  the  aneurism  of  peripheral 
arteries  exactly  in  accordance  with  the  principles  of 
treating  inguinal  herni  a — by  obliteration  of  t  he  sac.  The  opera- 
tion is  performed  bloodlessly. 

The  limb  is  elevated,  an  Esmarch  rubber  bandage  put  on,  or  bleeding  from  the  main 
artery  prevented  by  coin p revision  with  a  traction  loop,  adjustable  clani|:)8  (Crile's),  padded 
forceps,  or  digital  compression.  A  free  incision  parallel  to  the  long  axis  of  the  sac  is  then 
ma<le  down  to  the  sac  to  expose  its  whole  length.  Any  imiMjrtant  nerves  or  veins  should 
be  dissected  away  from  it.  The  sac  is  tlien  freely  opened  and  emptied. 
It  is  then  ready  for  closure.  In  most  cases  it  will  be  decided  to  obliterate  the  sac  completely, 
but  in  some  cases  of  fusiform  uneurLsm  it  may  be  preferable  to  leave  a  lumen  the  size  of 
the  original  artery. 

When  the  sac  is  to  be  completely  obliterated,  the  lining  of  the  sao 
is  thoroughly  8cnibbe<l  over  its  whole  extent  w^ith  sterile  gauze  soaked  with  salt  solution 
to  remove  the  endothelial  layer  of  the  intima,  and  thus  accelerate  union.  The  sutures 
(chroinicizetl  gut. I  arc  then  a[)plicd  very  much  like  I.^ml>ert'a  intestinal  sutures.  The 
most  important  point  is  to  approximate  carefully  intima  to  intima.  The  sutures 
are  laid  in  three  Jayers  iu  such  a  way  that  the  cross-section  of  the  sac  after  suture  is  made 
to  form  a  Y;  the  first  and  deepest  layer  of  sutures  shutting  off  the  aac  from  the  artery  at 
the  Y,  and  the  third  layer  obliterating  the  cavities  in  each  arm  of  the  Y  (Fig.  315.  F). 

In  suturing  a  fLisiform  aneurism  the  lumen  of  the  artery  is  preserved  by  placing  the 
first  layer  of  sutures  over  a  rubber  tube  which  is  iiwertetl  inio  the  artery.  After  the  new 
lumen  is  thus  provided  for.  the  rest  of  the  aac  is  Hcrubl>eit  and  the  auf  urea  laid  in  the  usual 
way.  Care  must  be  taken  to  preserve  the  blood  supply  and  nutrition  of  the  sac.  and  all 
portions  of  it  which  have  been  dissected  away  from  their  vascular  surroundings  should  be 
excised. 

In  190S  Mataa  reported  the  results  of  86  such  operations,  including 
aneuriams  of  the  femoral,  the  iUofemoral,  tibial,  gluteal,  external  carotid, 
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axillanr',  brachial,  and  subclavian  arteries,  as  well  as  the  abdominal  aorta 
(the  latter  both  fatal):  78  recoveries;  8  deaths;  4  cases  of  gangrene;  4  re- 
lapses, all  in  operations  where  the  lumen  was  restored.  In  view  of  the  fact 
that  these  86  operations  were  performed  by  fifty-two  diilereiit  operators 
the  excellent  results  obtained  are  a  striking  argument  in  favor  of  the  feasi- 
bility of  the  operation. 

Experimental  Surgery  of  the  Aorta. — Although  not  yet  available  for  practicul  surgery, 
the  experimeata  of  Alexis  Carrel  (Jour.  Expor.  Med.,  1912,  xv,  389;  1912,  xvi,  17)  upon  the 
permanent  intubation  of  the  aorta  are  extremely  promisine;  for  the  surgery  of  the  future. 
Carrel  has  been  able  actually  to  open  the  dog's  aorta,  iiisert  a  lube  of  glass  4.5  centimetres 
long,  suture  it  in  place  and  tlien  rlose  up  the  thorax  without  impairing  the  circulation  of 
the  animal.  Meltzer'a  method  of  intratracheal  insufflation  was  used  upon  opt^ning  the 
thorax  and  the  greatest  care  waa  employed  to  prevent  bleeding  into  the  pleural  cavities, 
which  were  walletl  off  from  the  surrounding  atmcturea  by  patls  of  silk  soaked  in  petrolatum. 
An  ordinary  glass  tube  with  slightly  everted  edges  was  used,  and  tirni  into  the  aorta  with 
heavy  silk  ligatures.  The  nine  animals  upon  which  he  ha.-*  performed  this  operation  lived 
for  periods  varying  from  several  days  to  more  than  three  months;  death  occurring  from 
ulceration  of  the  tube  through  the  wall  of  the  aorta  or  from  the  fonnation  of  a  thn^mbus 
at  the  site  pressed  upon  by  the  end  of  the  tube.  Aa  Carre!  states,  however,  "  It  is  probable 
that  the  use  of  a  tube  of  the  proper  calibre,  form  and  comjxisition  would  be  followed  by 
better  results,"  and  it  is  far  from  imiKwaible  that  with  such  iniprovements  in  technique, 
after  extensive  trials  upon  animals  with  diseajsed  as  well  as  with  fiealthy  acjrtas,  the  pro- 
cedure maj'  come  to  be  appJicable  to  the  treatment  of  aneurisnw  in  human  beings. 
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PART  IV. 


I. 

THYROID  HEART. 

The  cardiac  disturbances  associated  with  thyroid  disease  were  the 
most  striking  features  observed  by  Parry  in  1815  in  the  first  described  cases 
of  exophthalmic  goitre.  His  first  case  died  of  heart  failure.  Graves  (1S35), 
Basedow  (1848),  Stokes  (1854),  and  Trousseau  (1856)  were  also  impressed 
by  the  cardiac  features  of  this  disease.  Trousseau  found  them  especially 
important  in  the  "formes  frusies  "  or  "  atypical "  forms  to  which  he  called 
attention,  hkening  such  cases  to  a  defaced  (''fruste")  coin. 

The  important  role  which  these  "formes  frustes'^  of  Basedow's' 
disease  play  in  many  cases  of  so-called  cardiac  neurasthenia  and  hysteria 
has,  since  Trousseau,  been  recogBized  with  increasing  frequency,  and  espe- 
cially since  Fricdrich  Kraus  in  1899  called  attention  to  them  by  introducing 
the  term  "  Kropfherz  "  ("goitre  heart"  or  thyroid  heart),  which  is  now 
widely  used  in  Germany. 


FORMS    OF    CARDIAC    DISTURBANCE    DUE    TO    THYROID    DISEASE. 


I 


Strictly  speaking,  as  shown  by  Rose,  Schranz,  and  Minnich,  there 
some  cardiac  disturbance  with  all  forms  of  goitre.     Four  main  forms  of 
cardiac  disturbance  may  thus  be  distinguished,  due  to:  ^ 

I.  Pressure  of  the  goitre  upon  the  trachea,  bronchi,  veins,  che^7 
and  sympathetic  ganglia  (in  simple  goitre),  pneumo-mechanical 
goitre  heart  (Rose). 
II.  Hypothyroidism  (in  myxcEderaa,  cretinism,  and  achondroplasia). 

III.  Hyperthyroidism  (exophthalmic  goitre  and  formes  frustes). 

IV.  Goitre  secondary  to  the  cardiac  disease  (goitre  cardiaque,  "car- 

diac goitre"). 


C.\RDIAC   DISTURBANCES   FROM   PRESSURE   OF   THE  THYROID.      ^ 

PotaiD  in  1863  and  Rose  in  1878  reported  cases  of  heart  failure  and 
more  or  less  sudden  death  in  eases  in  which  large  colloid  goitres  pressed 
upon  the  veins  and  trachea.    Such  a  goitre  has  several  mechanical  effects: 

1.  It  may  prevent  adequate  filling  of  the  lungs  and  thus 
produce  emphysema,  deficient  aeration  of  the  blood,  and  later  asphyxia. 
The  chronically  deficient  aeration  of  the  blood  may  lead  to  secondary  car* 
diac  overstrain  and  finally  to  myocardial  weakness.  This  will  be  enhanced 
by  all  pulmonary  infections. 

^  Basedow  ("  Bas-o-do").    Dock  after  a  careful  study  of  prioritiea  adviaes  the  accept- 
ance of  this  name,  which  was  the  first  unobjectionable  term  given  and  is  the  one  most  widely 
accepted. 
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2.  The  goitre  often  presses  on  the  sympathetic  ganjs^Haon 
one  or  both  sides  of  the  neck,  thus  stimulating  the  accelerators  and  bringing 
on  a  chronic  tachycardia  just  as  is  produced  in  Basedow's  disease.  Miiller's 
muscle  in  the  orbit  may  also  be  stimulated  and  exophthalmos  produced. 
This  exophthalmos  is  often  unilateral.  The  condition  of  exoph- 
thalmos and  tachycardia  from  the  pressure  of  a  simple 
goitre   is  known  as  pseudo-Basedow's  disease." 

Case  or  Sikple  Goitre  Reseubunq  Basedow's  DisBAfls. 

Such  a  case  is  reprcBentetl  by  that  reported  by  Potain  in  1863:*  M.  K.,  8er\'ant  girl, 
aged  50.  Complains  of  palpitation,  feeling  of  presaure  in  chest,  attacks  of  suffocation, 
irregular  menstruatiou.  She  has  had  goitre  all  her  life,  unafTected  by  io«liiic  treattiienl. 
For  some  years  her  eyes  have  been  larger  than  l>efore.  Slxe  hus  lost  weight,  has  suffered 
from  dyspncea  especially  on  exertion,  she  has  throbbing  of  the  goitre,  ami  her  legs  are 
swollen.  Her  pvilae  is  1.V2,  irregular.  Apex  is  in  the  sixth  interspace  13  cm.  from  midline. 
There  is  heaving  of  the  entire  precordium.  At  the  apex  and  over  the  precordiuin  there  is 
a  meso-BVKtolic  mummr.  Tlie  veins  of  the  neck  are  dilate<l.  There  is  a  large  goitre  which 
does  not  jjulsate  and  no  murmur  is  heard  over  it.  Digitalis  is  without  effect,, 
and  the  patient  died  from  pulmonary  cedema  11  days  after  admission. 

Autopsy  showed  colloid  cvbIic  goitre  with  vtrnw  heinurrhagefi  from  etafiis,  slight 
infarction  of  the  lungs,  and  a  somewhat  enlarged,  very  fiabby  heart. 

The  livor,  orthopnoea,  asphyxia,  and  sudden  death,  as  in  Rose's  case, 
are  due  to  pressure  upon  the  air-passages,  and  are  to  be  regarded  as  cardiac 
symptoms.  The  n^spiratory  origin  of  this  sufFocation  is  seen  in  tlii'  very 
marked  inspiratory  (not  systolic)  retraction  of  all  the  thoracic  interspaces. 


CARDIAC   AFFECTIONS   OF    HYPOTHYROIDISM    (CARDIOPATHIA 
TH^-REOPprVTilA)    C^RAUS). 

In  all  the  conditions  in  which  there  is  atrophy  of  the  glandular  tissue 
of  the  thyroid  and  diminution  in  the  intenial  secretion  of  the  glantl,  there 
are  symptoms  of  cardiac  weakness.  The  patients  get  out  of  breath  on  very 
slight  exertion.  The  puLst!  is  small  and  weak,  but  may  be  either  slow  or 
slightly  accelerated  (Kraus).  This  is  due  to  the  fact  that  the  physiologifal 
vagus  tone  is  largely  due  to  the  thyroitl  secretion  (v.  Cyon),  and  when  it 
is  deficient  there  is  an  overstimulation  of  the  accelerators.  However,  as 
Kraus  points  out,  the  cardiac  features  in  cachexia  thyreoprivea  are  not 
prominent  features  of  the  disea.«ie,  and  hence  are  of  little  importance  in 
connection  with  diseases  of  the  heart. 

Revilhod  has,  however,  called  attention  to  another  effect  of  hypo- 
thyroitlism  upon  the  circulation,  namely,  early  arteriosclerosis  with  cal- 
careous deposits.  This  effect  has  also  been  produced  by  v.  Eiselsberg  in 
new-bom  lambs  from  which  he  removed  the  thyroid  glan<ls.  In  contrast 
to  other  experimental  arteriosclerosis,  the  arterial  changes  affected  the 
intima  and  not  the  media. 


'  In  some  cases,  however,  tins  is  not  due  to  pressure  on  the  sympathetic  but  to  the 
activation  of  thyreoglobulin  by  the  iodine  treatment.  Occasionally,  moreover,  a  goitre 
%howH  in  one  part  colloid  degeneration,  in  another  hyperplasia  like  that  of  Basedow's  disease. 

'  Bull,  de  la  Soc.  d'Anat.  de  Paris,  1863,  p.  87,  quoted  from  Minnich. 
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DISTURBANCES  DLTE  TO  HYPERTHYROIDISM. 

Basedow's  Disease  {alao  ** Formes  fruaies,"  and  Accidental  Hyperlhyroidu 
in  the  Treatment  of  Obesity). 

As  stated  above,  these  conditions  present  the  most  important  cardiac 
features  which  are  due  to  disturbed  thyroid  metabolism. 

PATHOLOGY,    PATHOGENESIS,    AND    PATHOLOGICAL    PHYSIOLOGY. 

The  veil  of  mystery  has  been  lifted  from  diseases  of  the  thyroid  by  the 
hand:?  of  the  physioloKieal  chemists.  The  surgeons  Astley  Cooper,  Reverdin ,  anc 
Kocherliud  found  that  extirpation  of  tlie  thyroid  forgoitreledto  myxoedema,^ 
and  Pisenti  Cley  and  Vassalc  had  demonstrated  that  these  symptoms  could  be 
prevented  by  feeding  the  drieti  thyroid  suixst^mce.  But  the  accurate  knowledge 
dates  from  the  studies  of  Baumann  and  his  pupils,  Roos  and  Oswald. 

Rut    the    real    understanding    of 
]>atholoj;ica]    thyroid    function    dat^sl 
from  the  chemical  studies  of  Baumann' 
and  his  pupils,  Roos  and  Oswald,  and 
from  the  recent  .^tudiea of  E. C.  Kendall. , 
Baunmnn  showed  that  the  active 
principle  of  the  gknd  was  an  iodine-^ 
contiiining  substance  from   which    he 
was   able   to   split   uff   by   hydrolysis  i 
with  H3804  a  substance  of  relatively] 
simple  molecular  structure  containinj?] 
the  iodin,  which  he  termed  iodothyrin. 
His  pupil  Oswald    believed  that   the 
physiologically   active  substance   was  i 
an   iodine-containing   globulin    (iodo- 
thyroglobulin).    He  thought  that  the 
colloid  of  the  thjToid  represented  the 
uniodized  form  of  the  same  protein 
(thyroglobulin),  and  that  this  thyro- 
globulin  could  not   be  absorl>ed  into 
the  blood  until  it  took  up  iodin,  where-  j 
upon  it  would  Ix-  absorbed  and  amide  from  the  lumenoftheacini  would  betaken 
up  by  the  blood  and  would  exert  all  the  physiological  activity  of  the  thjToid. 
Kendall,  however,  has  recently  isolated  what  is  undoubtedly  the  phya- 
o!ogically  active  principle  of  the  thyroid  in  pure  crystalline  form. 

He  obtains  this  substance  by  hydrolyzing  the  thyroid  proteins  in  ethyl 
alcohol  containing  one  per  cent,  sodium  hydroxide.  The  substance  fornLs 
sheaves  of  needle-like  crystals  which  melt  at  ab<iut  220°  C',,  and  are  soluble  in 
strong  alkalies  and  ammonia  but  insoluble  in  acids,  water,  alcohol,  ether  and 
sodium  carbonate.  It  contains  60  per  cent,  of  iodin  and  analysis  shows  that 
each  molecule  contains  one  indol  nucleus,  iodin  groups  and  one  amino  nitro- 
gen (di-iodo  indol?).  The  reactions  with  carbonic  acid  suggest  a  combination 
yielding  also  a  more  or  less  unstable  COOH  group  entering  into  the  molecule. 
Kendall  lias  tested  tliis  substance  both  experimentally  and  chemically, 
and  has  found  that  prolonged  injections  into  animals  cause  tachycardia, 
changes  in  the  electrocardiftgram  and  signs  of  overaction  of  the  heart  as  well 
as  tremor,  emaciation  and  diarrhoea. 


FlQ.  3l7.^Photngriiph  nf  n  natii^nt  with 
Baandow's  diseasfl.  (Kiodnestt  of  Prof.  Blood- 
good.) 
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On  the  other  hand,  injections  into  mj-xoedematouH  children  caused  dis- 
appeanmcp  of  the  rayxcedcnia  and  other  signs  of  thyroid  deficiency  and  led 
to  return  of  the  child  to  take  on  ii  normal  frrowth,  appearance,  and  mentality- 
The  skin  and  hair  also  return  to  normal.  This  substance,  therefore,  possesses 
all  the  characteristics  of  the  thjToid  extract  itself.  Other  fractions  derived 
from  thyroid  substance  are  devoid  of  these  activities.  He  finds  the  substance 
present  and  possessed  of  the  same  characteristics  when  extracted  from  por- 
tions of  glandn  removed  from  patients  with  Basedow's  diseiise,  and  therefore 
fails  to  find  evidence  of  any  alteration  of  the  thyroid  secretion  (dysthyreosis) 
in  this  condition,  a-s  some  investigators  have  claimed. 


Fic.  318. — Photograph  of  AponiOB  of  the  thyroid  slaod  removed  from  tbo  pntient  «bowii  in  Fig.  317. 

(Kiiidiieafiol  Prof,  bloodgood.) 

Pathological  Anatomy, — The  typical  thyroid  of  advanced  Basedow's 

disease  is  characterized  by  hyperpla.sia  of  the  epithelial  cells  lining  the  acini, 
so  that  the  cells  of  the  single  layer  of  epithelial  cells  multiply  into  irregular 
papillary  masses  several  layers  thick  and  protrudf  int^j  the  lumen,  which  they 
may  completely  fill  or  may  leave  it  partially  filled  with  colloid. 

A  similar  hyi^erplasia  may  take  place  when  part  of  the  gland  has  been 
removed  (Halsted,  Marine),  though  this  may  be  produced  by  a  response  to 
slight  infection  or  to  the  stimuli  of  abnormal  cellular  environment. 

Marine  and  Williams  and  L.  B.  Wilson  have  not^d  that  in  the  cases  with 
the  most  severe  symptoms  the  h>TX'rplasia  of  the  gland  is  most  intense  and 
the  acini  filled  v-ith  colloid  have  Ix^en  replaced  by  acini  filled  with  hyper- 
plastic cellular  miusses.  For  purfwses  of  correlation  with  the  clinical  findings 
Wilson  has  atlopted  a  classification  of  thyroid  gland  obtained  at  operation 
based  upon  the  amount  of  hyperplasia  and  upon  the  ratios  between  hyper- 
plastic and  colloid  containing  acini. 

Wilson's  clas^sification  is  based  upon  the  following  characteristics: 

(1)  Degree  of  intra-alveolar  prolifenition  (intra-alveolar  prohjqjer- 
plasia)  leading  to  the  formation  of  several  layers  of  cells. 

(2)  Presence  of  a  varying  amount  of  non-staining  secretion.  (This  is 
one  of  the  principal  concomitjints  of  intoxication  from  thyroid  secretion.) 

(3)  Exfoliation  of  cells.  (This  corresponds  to  a  chronic  process  with 
retrogression  uf  s>Tnptoms.)  The  stainable  secretion  plays  httle  r6Ie  in  the 
genesis  of  symptoms. 

(4)  Increase  in  the  number  of  the  alveoli,  and  formation  of  young  alveoli 
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(adenomft  formation).  (The  clinical  condition  of  adenoma  patients  is  parallel 
to  that  of  other  goitres  and  depends  largely  upon  the  amount  of  non-stain- 
ing secretion  that  is  present.) 

Wilson  divides  his  cases  into  several  groups: 

I.  Increased  intra-alveolar  tissue. 

A.  Hard  nodular  gland,  dry  surface,  alveoli  small  (0.06  to  0.2  mm.) 
contains  some  proliferation  into  certain  alveoli  with  the  formation  of  several 
layers  of  cells  within  the  alveoli.    Small  amount  of  thin,  non-staining  scKsre- 
tion  in  the  alveoli ;  s>Tnptoms  mild. 

B.  Hard  granular  cut  surface  with  glairy  secretion;  large  amount  of  thin 
Don-staining  secretion  in  alveoli ;  large  amount  of  intra-alveolar  epithelial  pro- 
liferation.   iSevere  nervous  sjTnptoms  and  cireulatorj'^  weakness. 

C.  Granuiar  glairy  surface  with  some  gelatinous  areas.  Numerous  pap- 
illary projections  into  the  lumina  of  the  aciiii,  but  some  exfoliation  of  cells. 
Large  amount  of  non-stfiimug  secretion  anil  some  staiiiable  secretion  within 
the  acini.    Severe  clinical  symptoms  regressing. 

D.  Large  hard  nwiular  gland  cut  surface  gelatinous,  very  large  alveoli 
(0.6  to  1.0  mm.).  Numerous  intra-alveolar  papilliE  but  much  exfoliation. 
Symptoms  of  h>'perthyroitliKm  which  are  not  as  severe  as  they  have  been. 

I I .  Increase  i  n  numlier  of  alveoli  with  presence  of  young  alveoli  (adenoma) . 

E.  Hard  nodular  glantl  with  small  cysts.  Small  alveoli  recently  formed 
(adenoma). v.dth  small  amount  of  thin  non-staining  secretion.  SjTnptoms  mild. 

F.  Soft  collapsing  gland,  increased  number  of  alveoli,  containing  a  largo 
amount  of  thin,  non-staining  secretion.  Nervous  and  circulator>'  symptoms 
severe. 

G.  Gelatinous  surface  with  large  alveoli  containing  stainable  stcretion, 
some  exfoliation  of  the  parenehjTnal  cells.    Mild  sjTnptoms  continuous. 

H.  Cut  surface  of  gland  gelatinous  and  filled  with  cysts.  Alveoli  large 
(0.2  to  0.5  mm.)  and  of  adenomatous  type.  Marked  exfoliation.  Large 
amount  of  well-stained  secretion.     Symptoms  mdld  or  of  moderate  grade. 

In  accordance  with  Wilson's  classification  Henry  Plunmier  has  found 
that  of  the  patient^^s  who  come  to  operation  for  symptorm?  of  hyperthjToidism 
('*th>To toxicosis")  approximately  32  per  cent,  have  hyperplastic  glands  and 
68  per  cent,  ncm-liyperplastic.  Of  the  patients  having  hyperpUistic  goitre 
99.2  per  cent,  have  to.xic  sjinptoms ;  of  those  having  non-hj-perplastic  goitre 
from  20  to  32  per  cent,  are  toxic.  In  the  hj'iierplastic  cases  the  sjTnptoms 
develop  rapidly  and  more  than  half  the  cases  of  this  type  seen  at  the  Mayo 
Clinic  come  for  operative  relief  within  the  first  year  after  the  onset  of  symp- 
toms in  \vhich  the  nervous  system  is  chiefly  involved.  On  the  other  hand,  in 
non-hyperplastic  cases,  the  toxic  symptoms  develop  usually  after  an  average 
lapse  of  fourteen  years,  and  cardiac  damage  dominattM?  the  clinical  picture. 

Plummer  has  found  that  in  the  cases  of  hyperplastic  goitre  which  are 
characterized  by  severe  symptoms  the  maximal  blood-pressure  is  decidedly 
elevated,  rising  progressively  from  an  average  of  138  to  139  mm.  Hg  in  pa- 
tients from  10  to  25  years  to  155  mm.  in  patients  from  35  to  40;  whereas  in 
the  patients  with  non-hyperplastic  goitre,  the  blood-pressure  ranges  from  1 18 
to  124  mm.  l>etween  10  and  25,  135  mm.  from  35  to  45.  After  40  to  45  it 
ranges  from  145  to  155  and  is  about  the  same  in  both  classes  of  cases.  The 
minimal  (diastolic)  pressure  averages  75  to  85  in  the  non-hyperplastic  casea» 
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70  to  78  in  the  hyperplastic  so  that  in  the  latter  the  pulse  pressure  is  always 
definitely  increased.  Plummer  believes  that  the  height  of  the  systolic  pres- 
sure is  somewhat  indicative  of  the  degree  of  intoxication. 

PHYSIOLOaiCAL   EFFECTS    OF   THYROID  SECRETION. 

The  effects  of  excess  of  thyroid  secretion  in  the  blood  are: 
1.  An   increase   in   metabolism,   espc'cially  in  the  oxidation 
processes  and  the  breaking  down  of  proteid^  in  the  tissues  and  bone,  giving 
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Fio.  310. — DrBwing  of  ■  bisto!oi[in»)  ■p«cimea  from  the  B&tne  thyroid.  The  hutological  picture 
of  arlranred  Ihyrnid  hypertrophy  observed  mcaaes  of  Oraves'a  diac&iw  id  which  thr-  itytnptotD*  &j«  moct 
mnrked.  (Uloodgood,  Surg.,  Gyn.  ftud  Obalca.,  Augiut,  1905,  toI.  i,  p.  113.)  This  drawine  was  made  in 
June,  UKU. 

rise  to  an  increase  in  N  and  PjOb  (Fr.  Mtiller)  excreted  and  in  the  gas  metab- 
olism (Magnus-Levy).  In  man  this  finds  its  concrete  expression  in  the  loss 
of  weight,  due  especially  to  loss  of  muj^clc  substance  (Baumann  and  Roos). 
2,  There  is  a  general  stimulation  of  the  peripheral 
nerves  both  medullatcd  and  sympathetic.  V.  Cyon,  Roos,  Oswald  and 
Kraus,  and  Friedonthal  have  shown  that  these  substances  have  several 
distinct  actions  on  the  circulation. 

A.  They  stimulate  the  depressor  or  afferent  nerves  from  the  heart,  givinp  rise  on  the 
oae  hand  fa  the  cardiac  sensations,  palpitation,  and  anginal  pains,  and  on  the  other  hand 
to  the  vaaotiilation  and  low  diastotio  blood-pressure  which  are  often  observed  in  these  cases. 

B.  They  stimulate  both  the  vaip^  and  the  accelerator  nerves.'  The  action  upon  the 
accelerators  predominates,  however,  and  tachycardia  is  thus  produced.  The  vagus  still 
remains  irritable,  however,  and  the  heart  can  be  slowed  by  pressure  on  it.     The  same 

■^  In  moat  of  these  effects  this  Bympathicotooie  predomioatea,  aa  ahown  by  Eppinger, 
F&Ita,  and  their  cxillaboratora  (see  page  19). 
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stimulation  of  the  other  fibres  of  the  cervical  Kympathetic  gives  rise  to  the  peculiar  < 
signB  of  Basedow 'ti  Jisease. 

C.  Cleghurn  ha.s  rthown  that  thyroid  extract  has  a  direct  action  on  the  cardiac  muscle, 
increasing  the  size  and  force  of  the  contraction,  which  manifests  itself  in  the  iiicreaaed 
puIfle-presMure,  iucrea«Hl  nitiximal  prtwsiirc,  and  cardiac  hypertrophy. 

Biochemical  Evidences  of  Hyperthyroidism. — Falta  and  Zuelzer,  Kraiis,  ood  Frieden- 
thal  have  shown  that  thj^roiJ  extract  directly  antagonizea  adrenalin  in  its  pupillo-dilator 
action  on  the  frog's  eye,  aud  thai  thin  can  be  used  as  a  test  for  hyper- 
thyroidism   in    clinical   cases. 

Another  important  biochemical  blood  teat  for  hyperthyroidism  is  that  of  Reid  Hunt, 
who  has  shown  that  the  blwjd  of  such  patients  increases  the  resistance  of  mice  to  poisoning 
with  ucetoiiitrile  and  morphine,  so  that  the  lethal  dose  is  thus  doubled. 

All  these  investigations  have  proved  without  doubt  that  In  Basedow's  disease  there 
is  an  excess  of  thyroid  secretion  into  the  blood  (as  claimed  by 
MiVbius),  and  that  the  secretion  is  indistinguishable  from  that  of  the  normal  thyroid, 
representing  a  condition  of  h  y  p  e  r  t  h  y  r  e  o  s  i  s  (increjised  secretion)  rather  than  of 
dysthyreosis  (altered  secretion).  Whether  they  will  be  of  practical  value  in  the 
diagnosis  of  the  puzzling  "formes  frustes"  remains  still  to  be  determined,  since  the  excess 
of  thyreoglobin  in  the  blood  of  these  cases  may  be  too  small  for  chemical  recognition. 

It  is  possible  tliat  this  anti-adrenalin  action  may  bo  responsible  for  the 
brownish  pigmentation  (Jellinek's  sign)  which  occurs  in  many  casos  of  hyp«r^ 
thyroidism.  esjx^cially  about  the  eyelids.  This  pigmentation  somewhat  resem- 
bles the  pigmentation  of  Addison's  disease  (lack  of  adrenalin  secretion).  Kraus 
and  Frietlenthal  have  also  found  that  this  antagonistic  action  upon  the  frog's 
pupil  is  valuable  in  diagnosis,  since  it  is  given  by  the  blood  of  patients  with  Base- 
dow's disease,  but  not  by  the  blood  of  neurasthenics  and  hysterical  patients.* 

\'.  Cyon  ha8  shown  the  verj^  important  fact  that  injection  of 
thyroid  extract  or  iodothyrin  causes  an  increased  blood 
flow  through  the  thyroid  glaud^  probably  thus  acting  as  a 
hormone  to  increase  its  own  secretion  and  to  mtroduce  a  vicious  circle : 

Hyperthyroidism 
(Basedow  a  diat^ase) 


Increased  thyroid 
secretion 


Increjised  blood  flow 
through  thyroid 


It  is  this  increased  dilatation  of  the  arteries  which  gives  rise  to  the 
murmurs  over  the  thyroid  in  Basedow's  disease  (Guttmann). 

ETIOU10ICAL   FACTORS, 

Basedow's  disease  is  more  common  in  women  than  in  men  (805  women, 
175  men  in  Buschan's  980  case-s);  60  per  cent,  occur  in  the  fourth  decade  of 
life  (Buschan).  In  Passler'a  58  cases  there  were  4  under  15  years,  29  at  from 
15  to  25  years,  18  at  25  to  45  years,  7  over  45  years. 

Basedow's  disease  is  very  widespread,  but  is  somewhat  more  rare  in 
regions  where  simple  goitre  is  common  than  elsewhere, 
perhaps  owing  to  the  lesser  intake  of  iodine.  Heredity  plays  some  role ;  mental 
and  nervous  disease,  diabetes,  and  tuI>erculosis  are  often  found  in  the  same 
family.  In  one  famous  family  reported  by  Osterreicher  eight  out  of  ten 
chiklren  of  a  hysterical  woman  had  Basedow's  disease,  and  one  of  these 
daughters  had  three  children  with  the  same  illness. 

'  It  seems  doubtful  whether  the  blood  of  cases  with  mild  formes  frustes  contains 
enough  excess  of  thyreoglobulin  to  give  this  test  a  hard-and-fast  diagnostic  significance. 
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The  following  list  gives  the  predisposing  factors  in  the  series  of  A.  Kocher 

'  and  of  Lantlstrom:  ^.^^^ 

Gradual  onset  with  etjologicul  ffirton*  unkrunvn  28 

I                            PreRanncy...  10 

C'hliiroai.s 7 

^^^^H             Al  GlthI  menstruation   0 

^^^^H           After  fright,  shock,  or  grief  5 

^^^^H           Aft^er  futigue 8 

^^^H           Infectious  di.sciases  (iaSuenza  alone,  7)  13 

^^^^H           Old  simple  goitre .5 

^^^^H  Sojourn  at  high  aititudi- 

^^^H  HtTtslity 

^^^^H           App'piidicitis 1 

^^^P                   ToUi\ H6 

H  It  will  be  seen  that  infectious  diseases  and  especially  inHuenza  constitute 

H  the  most  coinitum  cMiise.  De  Qiiervaiii  htis  found  a  subacute  thyroi<litis  cjuite 
V  common  in  thest^  conditions,  especially  in  inHuenza,  typhoid  fever,  rheumatism 
(at? in  Parry's  first  ease),  and  diphtheria,  and  this  thyroiflitis  wa:^  followed  by 
Basedow's  disease  within  a  few  months  in  alxjiit  20  per  cent,  of  the  cases. 
Boggs  and  Sladen  have  foiuid  mild  thyroiditis  present  in  most  of  the  cases  of 
typhoid  fever  in  which  the  pulse  is  over  120  at  the  height  of  the  fever.  Tonsil- 
litis may  also  be  a  forerunner;  and  Engel-Heimers  has  found  acute  thyroiiiitis 
in  secondary  lues  leading  to  Basedow's  disease.  After  pregnancy  the  hyper- 
thyroidism which  is  normally  present  in  that  condition  may  increa.se  and  lead 
directly  into  Basedow's  disease.  The  coexistence  of  puerperal  infec- 
tion, mastitis,  fright,  grief,  or  shock  undoubtedly  pre- 
disposes to  the  disease,  as  in  the  case  of  a  girl  under  Frie<lrich  Mulier's  care, 
whose  sjTnptoms  began  when  she  wa.s  suddenly  deserted  l>y  her  lover  just  after 
the  birth  of  an  illegitimate  child.  In  one  of  v.  Graefe's  cojaes  the  svTiiptoms  set 
in  within  a  few  days  following  a  night  of  sexual  excesses.  These 
factors  may  act  by  producing  a  reflex  dilatation  of  the  vessels  in  the  thyroid. 
Thus,  Trotisseau  writes  of  a  woman  of  53  who  suffered  deep  grief  from  the 
death  of  her  father.  "One  night,  after  she  had  Ijeen  crjing  for  a  long  time,  she 
suddenly  felt  her  eyes  swell  and  lift  up  her  lids,  her  th3'roid  gland  increase 
notably  in  size  and  throb  in  an  unusual  manner;  she  had  at  the  same  time 
violent  palpitation  of  the  hejirt.  "  The  writ^T  on  one  occasion  had  the  oppor- 
tunity to  observe  a  case  of  acute  enlargement  of  the  th^^Toitl  in  a  man  of  thirt}^ 
associated  with  tremor,  tachycardia,  palpitation,  slight  v.  Stellweg's  but  no 
other  ocular  sign.  The  disturbance  followed  the  ingestion  of  two  cupa  of 
strong  coffee  at  a  time  of  great  worry  and  wjxs  complicated  !>y  a  mild  attack 
of  "grippe."  The  enlargement  of  the  thyroid  was  sufficient  to  prevent  button- 
ing the  collar.  It  sulj*?ided  entirely  aft^r  24  hours,  and  with  it  the  symptoms 
of  hyperthyroidism.  It  is  probable  that  the  grippe  (influenza  or  streptococcus 
infection)  rendered  the  thjToid  particularly  sensitive. 

SYMPTOMS. 

The  classical  pathognomonic  symptoms  of  exophthalmos  are  the  well- 
kno^vn  triad  of  struma,  tachycardia,  and  exophthalmos,  or 
the  tetrad  of  struma,  tachycardia,  exophthalmos, 
a  n  tl   tremor. 

These  Jiff  Wfll  desrrjjR>d  by  Parr>'  (1815)  in  his  first  case,  a  married  woman,  aged  37. 
who  had  "caupht  t'olil  lu  lying  m,  and  for  a  month  suiTered  under  a  very  acute  rheumatic 
f<^vpr.    SulxHi-ifut'nl  !>'  she  bpcame  nubjecl  to  more  or  less  p  a  1  jj  i  t  a  t  i  o  n  of  t  1>  o  h  ♦■  a  r  t 
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very  much  augmented  by  bodily  exercise,  aiiid  gradually  increasing  in  force  and  frequency 
till  my  alU'tidanee,  when  it  was  so  violent  thai  each  systole  shook  the  whole  thorax.  Her 
pulse  was  196  in  a  minute,  very  full  and  hard,  alike  in  both  wriats,  irregular 
as  to  strength,  and  intermitting  at  least  once  in  six  beats,  ,  .  .  Twice  or  thrice  she  had 
been  seized  in  the  night  with  a  sense  of  constrict  ioQ  and  difficulty  in  breathing, 
which  was  attended  with  spitting  of  a  small  quantity  of  blood.  She  described  herself  also 
aa  having  frequent  and  violent  stitches  of  pain  almut  the  lower  part  of  the 

sternum About  three  montha  after  lying  in,  while  she  was  suckling  her  child,  a 

lump  about  the  aize  of  a  walnut  was  pcrtieived  on  the  rjglit  side  of  her  neck,  This 
continued  to  enlarge  till  the  period  of  my  attendance,  when  it  occupied  both  sides  of  her 
nock  so  as  to  have  reached  an  unconiimon  site,  projecting  forward  before  the  lower  angle 
of  the  jaw.  The  part  swelled  was  the  thyroid  gland.  The  carotid  arteries  on 
both  sides  were  greatly  distended,  the  eyes  were  protruded  from 
their  sockets,  and  the  countenance  exhibited  an  expression  of  agitation 
and  distress,  especially  on  any  muscular  exertion,  which  I  have  rarely  seen  equalled.  .  .  . 
Bowels  were  usually  lax.  .  .  .  For  a  week  she  has  had  <Jxlematous  swelling  of 
her  legs  and  thighs."     (The  patient  died  with  symptoms  of  heart  failure. 1 

Besides  the  pathopnoraonic  triad,  increa.sed  nervous  excitability,  tremor, 
loss  of  weight,  and  pigmentation  of  the  skin,  especially  about  the  eyelids,  are 
important  accessory  symptoms. 

The  chief  symptoms  of  Basedow's  disease  may  l>e  grouped  in  the  following 
cateRories,  and  arranged  in  whatisapproximately  theorderof  increasingseverity. 

Cardiac  Pkenomerm. — Palpitation,  continuous  slight  elevation  of  pulse- 
rate,  with  oecasional  attacks  of  intense  taehyeanlia  brought  on  by 
emotion,  excitement,  or  exercise,  or  occasionally  on  awakening;  vis- 
ible pulsation  and  dilatation  of  carotid  arteries;  pulse  collapsing; 
angina  pectoris;  liypertri>phy  of  the  heart;  precordial  liea\ing  and 
intense  pulsation;  irregularity  of  pulse;  dilatation  of  heart;  heart 
failure;  ascending  (edema,  etc. 

Psychic  Symptovji. — (Jeneral  nervoasness,  insomnia,  restlessne.'^s,  mental 
exulierance  alternating  with  depression  and  melancholia,  delusions 
and  hallucinations- 

Ociilar. — Storing  gaze  without  winking  for  considerable  periods.  Widen- 
ing of  paljii'bral  slit  (Dalrymple.  v.  Stellweg's  sign),  lids  do  not  follow 
eyeballs  perfectly,  a  white  streak  of  sclera  is  seen  i>ctween  lid  and 
cornea,  especially  on  glantiing  downward  orujjward  (v.  Graefe's  sign), 
inability  to  converge  in  i(X>king  at  near  objects  (Mobiua'  sign), 
exophthalmos,  overflow  of  tears,  pain  and  feeling  of  tension  in  the 
eyeballs,  corneal  ulceration. 

Peripheral  Nerve  Symploms. — Fine  tremor  (from  8  to  10  per  second), 
especially  of  the  finger  tips,  nystagmus,  superficial  and  cog-wheel 
breathing,  astasia-abasia,  hyijeraesthesias  and  i>araDsthesias  occasion- 
ally, inability  to  frown  or  wrinkle  forefiead  (Joffroy's  sign). 

CiUaneous  (from  vasodilation  andanti-adrenalin  action). — Feeling  of  heat, 
continuou.s  and  intense;  lowered  electrical  resistance;  sweating;  color 
usually  pale  brownish — Addiaon-like  pigmentation,  especially  about 
eyelide  (Jellinek);  flushes;  localized  transitory  cedema,  especially 
alwut  eyelids;  scleroderma. 

Nutritiofml  (increased  rapidity  of  metai>olic  processes — loss  of  N  and 
PjOs). — Loss  in  weight;  sometimes  absolute  anorexia,  sometimes 
excellent  appetite;  attacks  of  diarrhoea,  often  with  slimy  stools; 
polyuria;  glycosiu-ia.    Fever  (varying  from  99°  to  104'). 
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Blood. — Slif?ht  leucocytosis  without  changf*  in  red  b!ood-corpuscleg  or 
secondary  antemiii ;  polymorphon  acinars  50-55  per  cent . ,  I>Tnphocytes 
20-25  per  etmt.,  I  a  r  g  e  m  u  ii  o  n  u  e  I  e  a  r  s  8-16  por  cpnt.  (large 
mononuclear  leucocytosis  present  in  fonues  f rustes) .    (Darker,  Caro.) 

Psychic  Manifestations. — The  psychie  Hymptoms  in  hyperthyroidism 
have  Ijeen  very  aptly  compared  to  the  well-known  effects  of  over-indulgence  in 
coffee — increased  activity  of  thought,  restlessness,  irritability,  insomnia,  and 
in  the  more  severe  cases  garrulity  and  delusions.  As  mentioned  alxive,  over- 
indulgence in  coffee  may  !^>metime^s  lie  fo]lowe<!  l)y  enlargement  of  the  thyroid. 
There  can  be  little  doubt  that  many  cases  of  .so-ealted  neuriu««thenia  and  hys- 
teria are  due  to  a  more  or  less  transiturv^  state  of  over-secretion  of  the  thjToid. 
This  is  particularly  true  when  the  .symptoms  are  accentuated  at  the  men.strual 
periods,  for  then  the  thyroid  secretion  is  increased.  It  is  possible  that,  as  sug- 
gested by  Graves,  the  "globus  hystericus"  may  be  due  to  an  acute  swelling 
(erectile  expansion)  of  the  th>Toid.  Neurasthenic  s}Tnptom.s  may,  however, 
have  a  basis  in  hypertiiyroiiUsm  in  cases  when  this  would  f>e  least  expected. 
For  exiimple,  a  young  physician  in  robust  health  recently  complained  to  the 
writer  of  ha\nng  suffered  from  insotmiia  and  palpitation  for  several  months, 
during  which  time  he  had  l>een  compelled  to  forego  his  accustomed  daily 
exercise.  On  closer  observation,  however,  he  olxserved  that  at  about  the  time 
his  s>Tnptoms  had  begun  he  noticed  a  slight  swelling  of  his  thyroid  which  had 
persisted  ever  since,  although  he  had  no  tremor. 

Cardiac  Signs  and  Symptoms. — The  cardiac  s  y  m  p  tome  also  have 
some  similarity  to  tho.se  of  an  overdose  of  coffee,  especially  the  palpitation. 
This  .symptom  is  probably  due  to  the  direct  stimulation  of  the  afferent  ner\^es 
of  the  heart  (depressor),  which  has  l>een  shown  by  v.  C'yon  to  result  from 
injection  of  thyroid  extracts,  iodothyroin  and  thjTeoglobuiin.  Palpitation  is 
the  earliest  and  often  the  most  severe  symptom. 

The  tachycardia,  like  most  of  the  signsof  Basedow's  disease,  results 
from  the  stimulation  of  the  accelerator  nerves  and  from  the  degree  to  which 
thi-s  outweighs  the  effect  upon  the  vagus.  The  pulse-rate  maybe  continuously 
elevated  (over  12(}),or  the  tachycardia  may  be  latent  and  attacks  of  rapid  pulse 
may  be  brought  out  only  by  shght  disturbance  of  the  er  juitibriuni  or  by  the  admin- 
istration of  very  minute  doses  of  thyroid  extract  (Emerson,  quoted  by  Barker). 
In  the.se  attacks  the  pulse-rate  rises  gratlually  during  a  few  minutes 
and  falls  gradually  (in  contrast  to  idiopathic  parox-j'smal  tachycanha), 
Init  in  one  ca.se  v.  Ht)esslin  has  seen  sudden  doubling  and  suflden  halving  of 
the  rate.  8trubing  has  found  that  pressure  upon  the  vagus  slows  the  rapid 
heart  of  Basedow's  disease,  showing  that  there  is  no  paralysis  of  that  nerve. 

Although,  as  Cleghorn  has  showm,  thyroid  extract  increases 
the  f ore e  and  size  of  cardiac  contraction  (the increased  pulse- 
pressure  sh(jws  increased  eanliac  output),  the  persistent  over-stimulatii»n  (jf 
this  organ  draws  so  much  upon  its  reserve  force  that  it  may  readily  suffer  from 
overstrain  and  undergo  acute  tlilatation.  Afferent  impulses  through  the 
depre.ssor  nerves,  which  are  already  in  a  state  of  increased  irritability,  may 
give  rise  to  symptoms  of  t>i)ical  angina  pectoris,  with  referred  pain  down  the 
arms  and  precordial  hyperesthesia.  This  thyroiti  type  of  angina  pectoris  has 
been  described  on  page  391.  Prolonged  overstrain  may  result  in  failure  of 
either  the  left  or  the  right  heart,  and  symptoms  of  pulmonarj'  or  systemic 
decompensation  (cedema,  ascites,  etc.)  set  in. 
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The  irregularity  'is  probably  due  to  occasional  extrasystoles, 
though  careful  analyses  of  its  nature  are  lacking.  In  one  case  reported  by 
V.  Hoesslin  there  was  definite  paroxysmal  tachycardia  with  sudden  onset 
and  sudden  cessation — approximate  halving  and  doubUng  of  rate,  but 
Hirschfelder  finds  that  this  condition  is  a  rare  one  in  Basedow's  disease. 
The  attacks  of  tachycardia  and  palpitation  most  commonly  begin  and  end 
by  a  gradual,  though  rapid,  change  of  rate,  and  indicate  a  simple  exaggera- 
tion of  physiological  variations. 

The  maximal  blood-pressure  is  usually  high,  the  minimal 
normal;  the  pulse-pressure  increased;  this  shows  that  there  is  an  increased 
systolic  output  with  low  peripheral  resistance,  and  corresponds  well  with 
the  experimental  results  from  injection  of  thyroid  tissue  juice  (Pressaft). 
In  10  cases  of  Basedow's  disease  Krause  and  Friedenthal  found : 

LowMt.  Average.  Highest. 

Cm.HiO.    Mm.Hg.       Cm.  HiO.    Hm.Hg.      Cm.  HiO.     Mra.Hg: 

Maximal  blood-pressure...    145  106  182  134  215  158 

Minimal  blood-pressure...     85  62  89.5       65.8  90  66 

This  accords  with  the  writer's  experience,  but  in  the  early  cases  and 
"formes  frustes"  the  maximal  pressure  may  not  be  elevated  even  when 
there  is  tachycardia. 

The  heart  is  usually  enlarged  and  hypcrtrophied,  the  apex  impulse 
forcible,  and  the  large  systolic  excursions  impart  a  heaving  to  the  whole 
chest.  In  periods  of  overstrain  from  exertion  or  excitement  there  may  be 
transitory  dilatation  of  the  heart,  and  this  uniformly  occurs  during  the 
chronic  heart  failure.  There  is  often  a  blowing  systolic  murmur  heard 
over  both  ventricles  and  at  the  apex,  perhaps  due  to  functional  insuffi- 
ciencies of  the  auriculoventricular  valves. 

Heart  failure  is  the  immediate  cause  of  death  in  most  cases  of  Base- 
dow's disease. 

Ocular  Manifestations. — The  ocular  manifestations  are  peculiar  and 
very  characteristic.  V.  Graefe  (1857)  called  attention  to  the  fact 
that  when  the  eyes  moved  upward  and  downward  the  lids 
did  not  follow  them  perfectly,  but  a  streak  of  white  sclera  could 
be  seen  between  lids  and  cornea  (Graefe's  sign).  Dalrymple  and  in 
1867  V.  Stellwag  noted  the  widening  of  the  palpebral 
slits,  the  staring  expression,  the  absence  of  winking.  V.  Stellwag's 
sign  is  in  most  cases  the  earliest  characteristic  sign  of  Basedow's  disease. 
Mobius'  sign  is  the  inability  to  converge  the  two  eyes  when 
looking  at  a  very  near  object. 

The  origin  of  these  signs  is  very  simple.  Claude  Bernard,  when  he  first 
stimulated  the  cervical  sympathetic,  demonstrate  d  that  widen- 
ing of  the  palpebral  slit  and  dilatation  of  the  pupil  resulted 
and  that  the  eyeball  was  pushed  forward.  Aran  and  Kaufmann  (1860) 
demonstrated  that  this  exophthalmos  resulted  from  stimulation  of  Mtlller's 
non-striated  muscle  in  the  eyelid,  which  is  innervated  by  the  cervical  sympathetic. 
These  experiments  were  confirmed  by  a  number  of  writers,  especially  MacCallum  and  Cor- 
nell (1904).  Tlie  exact  course  of  the  fibres  of  Miiller's  muscle  and  their  mode  of  operation 
has  been  described  by  Landstrom.  Landstrdm  finds  that  the  fibres  of  smooth  muscle 
form  a  narrow  cuff,  or  truncated  cone,  encircling  the  anterior  portion  of  the  orbit.  The 
fibres  at  the  posterior  border  of  the  cuff  pass  backward  and  are  inserted  into  the  sclerotic 
coat  of  the  eyeball.    The  fibres  forming  the  anterior  margin  of  the  cuff  are  inserted  into  the 
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upper  or  lower  lids,  in  which  they  run  obliquely  toward  the  palpebral  slit.  The  middle 
portion  of  the  culT  conMitutea  the  fixed  |X>irH,  from  wiiich  the  muscle  act«,  and  is  attached 
by  short  fibrous  bands  to  the  bony  wall  of  the  orbit.  Contraction  of  this  nni  »  c  I  e 
therefore  tends  to  draw  the  eye  forward  (exophthalmos)  as  well 
as  to  pull  the  lids  apart  (  D a  1  r y  m  p  1  e  and  v  .  S  t e  1 1  w  a  g  '  h  sign). 
The  delicate  coordination  of  lid  movement  and  eye  movement 
IB  disturbed  by  this  added  traction  upon  the  lid  (v.  Graefe'a 
BJgn).  Moreover  J  the  contraction  of  these  fibres  tends  to  keep 
the  axes  of  the  eyes  divergent,  and  thus  antagoniies  conver- 
gence   (Mobiua'   sign). 
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Fio.  aaO. —  Diagram  showing  the  relation  of  the  various  juiatomical  structure  conceni«d  in  the 
prMjiK^liiin  of  tlie  ovular  and  cardiac  niauifeAlationft  of  Basedow's  diseaae.  A.  DistrihiitiDn  uf  thfi  brancbea 
of  the  cervical  nj-mpmthetic  to  the  heart,  thyroid  gland,  and  eyeUds.  The  arrows  indicate  the  direction  in 
which  stimulation  of  tlie  certieal  sympathetic  moves  theeyelidRand  eyeball.  SYMF  N,  sympathetic  nerv-e 
plex.u«;  SCI'.  C.  OANG.  MID.  C  GAXG.  l.\'F.  C.  GANG,  Auperior.  miiidle,  and  inferior  cervical  ganglia. 
B.  Relatiuu  of  BfiiUer's  muscle  to  the  eyeball  and  ulructurea  within  the  orbit  (achematic).  dialler's  muscle 
[MOLD  is  shown  in  black.  The  arrow?  indicate  the  direction  of  ita  pull.  TEND,  tendiaous  attach- 
ment of  Milller's  muscle  to  the  orbit,  septum  orbitale  (SflPT.ORB).  C,  Seetjon  throuRh  the  lateral 
portion  of  the  orbit  (setni.*!cheiuatic,  tiio<lified  from  Ijinili>trom].  ORB,  orbitaHs;  LEV,  ]e\-ator  palpo- 
brarum;    CONJ,  conjunctiva;    SCLEIi.  Bclera;    RECT  MED,  rectun  medium. 


Muscular  Changes. — A  fine  tremor  be)j;inning;  in  the  fingers,  with  8-10 
contractions  per  second,  has  been  .shown  by  Marie  to  be  almost  common 
enough  to  be  included  among  the  cardinal  symptoms.  It  is  probttlily  due 
to  the  overstimulation  of  the  peripheral  nerves,  and  fiiul.'*  its  aniilogue  in 
the  tremor  from  coffee  and  tobacco.  Tremor  of  the  tongue  and  sudden 
movements  of  the  tongue  and  lips  are  not  as  common  as  in  alcoholism.  It 
is  probable  that  the  muscular  weakness  consequent  upon  the  katabohsm 
of  mu.scle  proteid  aids  in  the  tremor. 

Astasia  abasia  (giving  way  of  the  legs  in  standing  and  walking)  is  rare, 
but  has  been  reported.   It  represents  an  extreme  grade  of  nervous  disturbance. 

The  increased  metabolism  of  N  antl  PaOj,  with  destruction  of  muscle 
tissue,  fat,  and  to  a  lesser  extent  of  the  bones,  is  important  and  finils  its 
expressinn  in  the  general  loss  of  weight  (often  25  to  50  pounds).  It  is  the 
direct  result  of  iodothyrin  intoxication. 
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Diarrhoea  is  common.    There  is  often  a  good  deal  of  mucus  in  the  stools, 
suggesting  some  relation  to  the  so-called  mucous  coUtis. 

Changes  in  the  Thyroid  itself. — As  regards  the  size  and  appearance  of 
the  thyroid  gland  there  is  great  variation.  In  spite  of  the  common  term 
of  "exophthalmic  goitre,"  the  thyroid  may  not  be  prominent  nor  even 
palpable.  Since  there  is  great  variation  in  the  average  size  and  weight  of 
the  thyroid  in  different  regions, — 25  to  33  Gm.  in  certain  regions,  60  Gm. 
in  others,  100  Gm.  in  Switzerland  (Oswald), — a  merely  palpable  thjToid 
need  be  of  no  diagnostic  importance.  Increase  in  the  size  of  the  thyroid 
is  equally  difficult  to  interpret.  The  size  of  the  thyroid  bears  a  definite 
relation  to  sexual  activity,  and  increases  regularly  during  menstruation 
and  pregnancy,  often  to  a  considerable  degree.  Indeed,  in  some  cases  of 
formes  frustes  it  is  not  unhkely  that  we  are  dealing  with  slight  hyjjerthy- 
roidiam  whose  intensity  is  determined  by  these  physiological  factors. 
Increased  vascularity  is  of  great  importance  in  differentiating  between 
transitory  and  persistent  hyperthyroidism.  It  can  be  demonstrated  by 
eliciting  a  murmur  and  thrill  over  the  thyroid  when  the  gland  is  pressed 
upon  (Guttmaun).  This  cannot  be  produced  in  simple  goitres  or  normal^ 
glands. 

SECOND.\RT   HYPERTHYROIDISM. 

Moreover,  it  is  probable  that  In  many  neurotic,  toxic,  and  organic 
diseases  the  actions  of  nerves  or  of  hormones  arouse  the  thyroid  to  a  second- 
ary activity,  which  may,  nevertheless,  be  of  great  importance  in  determining 
the  features  of  the  case.  For  example,  Holz  has  reported  two  cases  of  exoph- 
thalmic goitre  in  children  in  whom  the  disease  subsided  on  removal  of  the 
adenoids;  one  case  recurred  and  again  subsided  with  the  recurrence 
and  removal  of  the  adenoids.  Accordingly  it  is  advisable  not  only  to  treat 
the  Basedow's  disease  but  also  to  look  for  and  treat  the  other  foci  of  excita-  ' 
tion. 

DIAGNOSIS. 

It  is  evident  that,  though  there  can  be  little  doubt  as  to  the  nature 
of  well-developed  thyroidism,  there  may  be  room  for  much  debate  regarding  j 
cases  of  formes  frustes,  for  these  cases  must  be  diHerentiated  from  simple 
physiological  hypoactivity  of  the  thyroid.  Patients  should  Ije  carefully 
watched  for  the  development  of  ocular  signs,  especially  at  menstruation, 
since  these  are  practically  never  present  in  persons  whose  th^Toid  activity 
is  normal. 

In  cases  in  which  symptoms  are  so  mild,  however,  it  is  still  important 
to  bear  in  mind  the  possibility  of  a  thyroid  origin  for  the  condition,  at 
least  in  so  far  as  an  increased  thyroid  secretion  may  arise 
reflexly  and  perpetuate  itself  through  the  vicioua 
circle  mentioned  on  page  683.  It  is  probable  that  on  this  basis  thei 
origin  of  many  an  obscure  "cardiac  neurosis"  will  he  cleared  up.  Hj'per- 
thvroidism  and  hysteria,  .sexual  neurasthenias,  epilepsy,  tobacco  poisoning, 
alcoholism,  myocardial  di,sease,  and  valvular  di.sea.ses  are  frequently  asso- 
ciated, and  when  one  of  these  conditions  is  present  it  still  remains  important 
to  look  out  for  contributing   r  6 1  e  s  on  the  part  of  the  thyroid. 
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Each  case  of  morbus  Basedowii  may  he  considered  as  an  autointoxi- 
cation due  to  the  passage  of  more  or  less  iodized  thyreoglobulin  from  the 
thyroid  gluud  into  the  blood.  When  this  is  secreted  in  large  quantities, 
the  condition  is  outspoken  and  presents  many  of  the  symptoms,  among 
them  some  of  severe  grade.  When  but  little  excess  of  thyreoglobulin 
circulates  in  the  blood,  it  may  give  rise  to  the  "  formes  fnistes"  with  but 
few  symptoms  and  those  of  the  milder  type  predominating. 

However,  even  in  the  most  atypical  cases  of  "forme  fruste"  o  n  e  o  r 
more  of  these  symptoms  may  reach  excessive  sever- 
ity, and  the  disease  may  persist  in  the  form  of  a  cardiac  neurosis,  a  psycho- 
sis, a  chronic  enteritis,  a  progressive  inanition,  a  diabetes,  or  even  a  mild 
relapsing  fever,  for  long  periods.  The  cardinal  suggestive  signs  may  be 
so  slight  in  intensity  as  to  be  noticed  only  when  the  suspicion  of  Basedow's 
disease  has  once  been  aroused  in  the  mind  of  the  examiner,  and  then  the 
coexistence  of  several  unobstrusive  features  may  make  the  condition  defi- 
nite; aa,  for  example,  a  slight  staring,  anxious  expression  in  a  thin,  nervous 
woman  who  suffers  from  attacks  of  palpitation  and  precordial  pain  and 
who  manifests  a  sUght  fine  tremor  of  the  fingers  and  a  tendency  to  diar- 
rhoea. On  closer  examination  it  may  l>e  found  that  the  lids  do  not  follow 
the  eyeballs  perfectly  and  there  is  slight  fulness  of  the  neck,  but  none  of 
these  symptoms  are  striking. 

Case  of  Basedow's  Disease  with  Angi>al  Attacks. 

Mrs.  K.  M.,  housewife,  aged  23,  seen  under  treatment  at  the  Johns  Hopkins  Medical 
Dispensary  on  Dec.  29,  ItKXi,  when  she  complained  of  palpitation  of  the  heart  and 
pain  in  the  right  chest  ^oing  down  the  arm.  She  in  quite  nervous  and  ttometitnes  hoB 
crying  spells. 

ahe  is  a  rather  pale  woman,  fairly  nourished.  The  gunis  aa«l  mucous  membranes  are 
a  trifle  pale.  The  palpebral  slit  is  wider  than  normal,  but  lids  foJlow  eyes.  Convergence 
ia,  however,  not  i>erfect.  The  outlines  of  the  thyroid  eland  can  be  seen;  the  gland  is  readily 
palpable,  but  not  much  enlarged.  The  lungK  were  clear  on  auscultation  and 
percusaion. 

The  heart  was  not  enlarged;  sounds  clear.  Pulse  of  good  volume,  regular  in  force 
and  rhythm;  blood-pressure  apparently  low. 

She  was  given  Blaud'a  pills  and  also  tincture  of  aconite  0.3  c.c,  (^v)  and  potassium 
bromide,  without  relief.  She  was  seen  a  number  of  tinier  during  the  course  of  the  next 
year,  during  which  she  fiassed  through  a  normal  pregnancy  an^l  labor.  PiilpJtalion 
continued.  A  well-marked  exophthalmos  developed  and  palpebral  slits 
becauje  a  litl te  wider  than  normal. 

During  April,  1907,  she  had  attacks  of  pain  over  the  left  aide  of  the  chest 
and  down  the  front  (extensor  surface)  of  the  left  arm,  Bomelimes  radiating  to  the  shoulder. 
During  attacks  there  is  often  tendernesii  in  the  fourth  left  interspace,  sometimes  also  in 
the  fifth,  about  the  manxniillary  line.  It  never  radiates  to  the  right  of  the  midline.  These 
attacks  are  accompanied  by  palj^itation  and  the  heart-rate  in  rapid.  She  also  has  a  i)eculiar 
fluttering  sensation,  and  occasionally  an  irregular  beat  Tracings  at  this  fwrioci  showed 
normal  venous  and  carotid  pulse.  She  was  given  small  doses  of  ergotin  without  rehef.  A 
week  later  she  was  given  calcium  lactate  O.G  Gni.  (gr.  x)  after  meals,  after  which 
she  began  to  feel  better  at  once,  though  never  relieved  by  any  other  medicine.  The  remedy 
was,  however,  far  from  sf>eciHc,  and  the  oM  symptoms  returned  in  spite  of  the  calcium 
lactate.  During  the  course  of  the  next  six  months  various  remedies  were  given,  none  of 
them  with  marked  effect.  It  seemed  to  both  patient  and  physicians,  however,  that  she 
experienced  a  d  i  8  t )  n  c  t  improvement  in  symptoms  whenever  calcium 
lactate  was  given  and  distinct  retmgres.sinn  when  other  drugs  were  substituted. 
Operation  was  advised  but  not  consentetl  to,  and  the  patient  was  lost  sight  of. 
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ACUTE    BASEDOW  S   DISEASE   SIMULATING   MAUGNANT   ENDOCARDITIS. 

One  group  of  cases  to  which  attention  should  be  especially  directed 
are  those  of  very  acute  Basedow's  disease  with  fever,  prostration,  tachy- 
cardia, profuse  sweats,  sometimes  chills  and  slight  jaundice — a  clinical 
picture  very  closely  simulating  acute  endocarditis  (W.  G.  Thompson). 
These  cases  are  rather  rare,  but  very  grave.  The  diagnosis  depends  upon 
the  cardinal  symptoms  aided  by  a  negative  blood  culture. 

PROGNOSIS  AND  TREATMENT. 

Statistics'  regarding  the  mortality  of  Basedow's  disease  vary  considera- 
bly, as  shown  by  the  following  list. 

V.  Dusch. 12.5  per  cent. 

V.  Graefe   12      per  cent. 

Mackenzie  12 . 6-25  per  cent. 

Cheadle 9.6  per  cent. 

Billingham 18.1  per  cent. 

Gaill 21.3  per  cent. 

Charcot 25      per  cent. 

Buschan  (900  cases) 12.5  per  cent. 

Thompson 10     per  cent. 

Williamson 25     per  cent. 

These  figures  err,  on  the  one  hand,  because  only  the  serious  cases  reach 
the  literature,  and,  on  the  other,  because  most  of  the  cases  have  been  fol- 
lowed for  only  short  periods.  Williamson,  who  followed  his  cases  for  some 
years  and  found  a  25  per  cent  mortality,  probably  approximates  the  truth. 
J.  Berry  gives  the  following  statistics  of  56  cases  treated  without 
operation : 

Complete  recovery 10 

Considerable  improvement 24 

Little  or  no  change 8 

Fatal 14 

Even  after  recovery  recurrence  is  the  rule,  so  that  as  ex- 
cellent an  observer  as  August  Hoffmann  states  that  in  23  outspoken  cases 
he  has  not  seen  a  single  permanent  recovery! 

It  is  evident,  therefore,  that  at  the  onset  of  undoubted  Graves's 
disease  therapeutic  interference  is  necessary.  The  best  principles  in  inau- 
gurating treatment  are  those  which  may  be  deduced  from  the  findings  of 
V.  Cyon's  experiments, — i.e.,  that  the  clinical  manifestations  are  due  to 
hypersecretion  of  thyreoglobulin,  that  this  is  proportional  to  the  blood  flow 
through  the  thyroid,  and  that  the  thyroid  secretion  in  the  blood  tends 
itself  to  increa.se  this  flow  and  to  produce  a  vicious  circle. 

The  first  es.sential  of  any  palliative  treatment,  therefore,  is  to  reduce 
the  thyroid  secretion  to  its  lower  ebb  by  the  removal  of  the  two  stimulating 
causes — exercise  and  excitement.  In  the  mild  cases  a  simple  isolation  cure, 
with  absolute  rest  in  the  horizontal  position,  can  sometimes  so  lessen 
the  flow  through  the  thyroid  and  the  secretion  of  this  gland  by  diminishing 
the  size  and  number  of  heart-beats  that  the  thyreoglobulin  content  of  the 
blood  falls  to  normal  and  symptoms  subside.    If  the  rest  cure  be  prolonged. 
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the  slight  glandular  hyperplasia  of  early  cases  may  subside  and  a  permanent 
cure  may  result. 

Various  measures  assist  this  process,  especially  those  wliich  act  as 
psychic  sedatives.  Psychotherapy  and  suggestion,  in  so  far  as 
they  tend  to  lessen  the  elements  of  worry,  quiet  the  patient's  mind,  and 
thuff  quiet  Ms  heart's  action,  may  aid  in  tiding  over  a  i)eriod  of  not  too 
intense  excitement.  Similarly  Mobius,  the  apo.stle  of  serum  therapy, 
reports  the  cure  of  one  case  by  hypnotism !  These  are,  however,  exceptional. 
Psychotherapy  in  Basedow's  disease  is  to  be  classed  among  the  valuable 
sedative  measures,  but  not  among  those  of  fundamental  therapeutics. 
Cold  wet  packs,  especially  before  retiring,  may  be  of  considerable 
assistance  (Eichhorst),  as  also  the  bromides  and  the  soporifics  (veronal, 
trional,  etc.),  though  to  a  less  degree.  Calcium  salts  are  often  very 
Satisfactor}''  as  sedatives.  The  iodobroniide  of  calcium  was  used  by  Guptill 
(1S74).  In  one  case  (K.  M.)  under  the  writer's  care  calcium  lactate  was 
the  only  drug  w^hich  caused  any  symptomatic  relief,  but  even  this  was 
not  marked.  *  Miitler  and  others  have  used  quinine,  especially  as  the 
hydrobromate,  but  in  many  cases  it  is  without  effect. 

Iodine  as  used  by  the  earlier  observers  may  sometimes  exert 
a  positively  harmful  influence  by  activating  (iodizing)  still 
more  of  the  thyreoglobulin,  and  it  may  thus  bring  on  an  exacerbation  of 
the  condition.  The  effect  of  potajssium  iodide  is  less  certainly  harmful 
and  is  sometimes  Ijencficial,  but  its  action  is  uncertain. 

Galvanization.  —  One  of  the  oldest  and  best  forms  of  treatment  ia 
galvanization  of  the  cervical  sympathetic,  with  the 
anofle  over  the  carotid  arter}'  and  the  cathode  at  the  nape  of  the  neck. 
With  curi-ents  of  2-3  milliamjx'res,  as  used  by  Chvo.stek,  Benedikt,  Car- 
dew,  and  others,  it  uniformly  gives  a  certain  degree  of  improvement, 
without  effecting  a  cure.  In  early  cases  J.  O.  Ilirschfelder  has  obtained 
complete  subsidence  of  symptoms  in  a  considerable  number  of  patients  by 
the  use  of  strong  currents  (20-30  milliamperes),  the  negative  pole  Ijeing 
applied  over  the  sympathetic  at  the  neck,  the  positive  over  the  thyroid  for 
two  or  three  minutes.  .fVfter  this  it  is  applied  over  the  heart.  This  vigorous 
treatment  seems  to  be  the  best  method  of  applying  electricity,  but  must 
be  continued  for  several  months. 

X-Rays, — E  xposure  of  the  thyroid  to  the  Rcintgen 
rays  was  introduced  by  Pusey,  Boggs,  and  Beck  in  America,  and  some- 
times shows  favorable  results.  Schwartz  (1908)  collected  reports  of  40 
cases,  showing  gain  in  20,  improvement  in  nervous  symptoms  in  40, 
exophthalmos  better  in  15,  but  struma  lessened  in  only  8. 

Specific  Sera, — Two  forms  of  so-called  sfiecific  sera  are  also  in  use: 
(1)  anti-thyreoidin  (thyroidectin),  the  serum  of  thyroiciectomized  sheep 
(Mdbius),  has  been  in  use  for  some  years,  and  in  spite  of  numerous  favorable 
reports  has  been  found  absolutely  without  effect  by  Ewald,  Mackenzie, 
and  StriimpcH.  (2)  Beebe  has  prepared  an  antiserum  for  the  nucleo- 
proteid  of  the  thjToid  gland  from  animals  into  which  the  purificf^l  nucleo- 
proteid  thyreoglobulin  had  lieen  injected,  in  the  hope  of  bringing  about 
retrogressive  changes  in  this  glanrl.  This  serum  has  been  used  therapeu- 
tically by  Rogers  and  by  W.  G.  Thompson,  who  report  distinctly  favorable 
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results,  especially  in  the  very  acute  cases  (90  cases:  23  cured,  54  improved, 
11  failed,  4  died);  but  other  observers  state  that  the  results  are  no  better 
than  those  in  ordinary  hospital  practice,  and  further  confirmation  is  needed. 
Operative  Treatment.— Thyroidectomy.— The  physiolugicnl  imlication 
for  therapy  in  Basedow's  disease  is  to  les.sen  the  amount  of  thyreoglob- 
ulin secreted  into  the  blood.  If  the  various  methods  intended  to  affect 
the  gland  as  a  whole  are  unsuccessful,  the  secretion  may  be  diminished  by 
removing  a  large  portion  of  the  gland  (thyroidectomy).  This  operation 
was  first  successful  in  the  hands  of  L.  Rehn  (1SS4),  ami  has  now  come 
into  quite  general  use,  especially  through  the  work  of  Mickulicz  and  the 
Kochera  in  Europe,  and  Halsted  and  the  Mayos  in  America. 

The  operation  sliouUi  be  done  under  local  cocaine  anoesthesia,  It  may  Vary  from 
ligature  of  the  arteries  to  one-half  of  the  gland,  or  this  may  ire  eonibined  with  excision  of 
the  latt«r;  or,  on  the  other  hand,  one-half  of  the  gland  may  he  excised  ut»d  the  arteries 
supplying  a  portion  of  the  other  may  be  ligated.  The  lechnic  and  results  in  large  ^riea 
of  cases  have  l»en  reported  by  A.  Kocher,  Landstrora,  and  C.  H.  Mayo,  and  many  of  tha 
important  details  by  Hahted  aiid  Evans, 

Kocher  (1907)  especially  calls  attention  to  the  necessity  of  suiting 
the  extent  of  the  operation  to  the  condition  of  the  patient,  especially  the 
cardiovascular  condition,  "A  systolic  blood-pressure,  even  of  IDo  mm. 
Hg,  does  not  forbid  oi>eration;  .  .  .  but  if  we  find  the  blood-pressure 
below  normal  and  the  disease  highly  developed,  we  umst  study  the  condi- 
tion and  es^peciully  note  the  action  of  the  heart  after  exercise  or  excite- 
ment. Under  these  circumstances  we  might  find  a  sudden,  very  marked 
dilatation  of  the  heart,  irregularity  of  pulse,  and  a  blood-pressure  which 
cannot  be  measured  by  our  ordinary'  methods." 

The  patient  shouKl  Ixi-  given  a  preparatory  period  of  rest  and  pallia- 
tive treatment  to  prepare  her  for  the  operation,  and  two  or  more  opera- 
tions should  l>e  done  on  the  same  patient  rather  than  too  e.xtensive  an  opera- 
tion at  one  sitting.  Kocher  never  ligates  more  than  two  arteries  nor  re- 
moves more  than  one-half  the  gland  at  one  sitting,  but  theise  measures 
suffice  in  cases  that  are  not  too  far  advanced.  Halste<l  hius  called  particular 
attention  to  the  need  of  preserving  the  parathyroid  gland 
in  order  to  avoid  tetany.  Hence  he  advocates  tracing  out  the 
branches  to  these  small  bodies  and  then  ligating  the  main  arterj'  beyond 
them.  Both  Kocher  and  Halsted  insist  upon  the  greatest  care  in 
the  ligation  of  all  bleeding  points  during  the  opera- 
tion and  in  draining  off  any  small  collection  of  serum 
which  may  collect  during  the  healing  of  the  wound.  This  greatly  diminlshea 
or  obviates  the  intensification  of  Basedow  symptoms  which  sometimei? 
result  a  few  days  after  operation  (probably  from  absorption  of  iodothyreo- 
globulin  upon  the  raw  surface  of  the  gland)  and  which  may  be  dangerous. 
Halsted  also  found  that  the  continuous  use  of  an  ice-bag  upon  the  neck 
during  a  few  days  after  the  operation  retards  the  absorption  from  the  glaud 
and  lessetiB  the  frequency  of  these  symptoms. 

As  a  result  of  this  procedure  in  254  patients  (2  oi>erationiJ  in  71  cases), 
A,  Kocher  has  obtained  great  im])rovement  in  ever>'  case,  with  abso- 
lute and  permanent  cure  in  8  3  per  cent.,  and  3.5  per 
eent.  of  deaths.    In  the  last  91  operations,  since  the  above  precautiona 
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had  been  observed,  he  has  not  hail  a  single  death!  C.  H.  Mayo  had  9 
deaths  in  176  cases,  but  only  one  in  his  last  75;  and  Professor  Halsted's 
results  at  Johns  Hopkins  are  equally  favorable. 

In  cases  of  long  standing  the  exophthahnos  never  disappears,  for  the 
depths  of  the  orbit  have  become  filled  with  fat  whieh  continues  to  push 
the  eye  forwurd  after  the  contraction  of  Miiller'ji  muscle  han  subsided. 

Hypertrophy  of  the  heart  and  secondary  myocardial  changes  also 
remain,  perhaps  some  cardiac  weakness,  but  these  are  greatly  diminished 
when  the  continuous  cardiac  excitation  is  removed. 

It  must  be  admitted  also  that,  as  Tinker  states,  the  operation  requiree 
more  skill  and  practice  than  most  surgical  procedures,  antl  the  prognosis 
is  therefore  far  better  done  by  a  man  whose  exfjerience  in  this  line  is  con- 
siderable than  by  a  surgeon  of  even  excellent  local  reputation. 

As  regards  the  indication  for  operation,  Kocher  believes  that  ''dis- 
tinct vascular  symptoms  (other  than  mere  palpita- 
tion and  tachycardia)  should  at  once  induce  surgical 
treatment."  Before  these  have  set  in,  the  palliative  method  may  be 
used  for  a  while,  and  many  cases  may  be  relieved  thereby  or  subject  only 
to  occasional  recurrences.  Should  the  mental  symptoms  and  tachycardia 
l^ersist  or  become  more  severe,  the  physician  shouhl  recommend  operation 
while  the  patient's  general  condition  is  still  good,  and  should  not  wait 
until  she  is  a  complete  physical  wreck  before  turning  over  the  responsibility 
to  the  surgeon.  The  surgeon  should  be  allowed  to  operate  upon  the  early 
but  chronic  cases  which  do  not  improve  under  palliative  treatment. 

These  rules  apply  as  well  to  the  casjes  of  "formes  frustes"  as  to  the 
outspoken  Basedow's  disease.  The  persistence  of  psycho-  and  cardio- 
neurosea  gives  the  indications,  v/hether  all  the  cardinal  features  are  pro- 
nounced or  not,  and  spontaneous  recovery  is  no  more  likely  to  occur  after 
the  "forme  fruste"  has  persisted  than  in  cases  where  all  the  signs  are  well 
marked. 

Sympathectomy  (Jonnesco*s  Operation).  —  Another  operation,  which 
has  been  jierformed  by  Jonnesco,  is  the  removal  of  the  sympathetic  ganglia 
on  both  sides  of  the  neck.  The  result  of  this  is  usutdly  an  immediate  slow- 
ing of  the  pulse,  and  often  a  cessation  of  other  symptoms.  Jonnesco  reports 
several  cases  of  permanent  cure,  but  in  the  hands  of  a  considerable  number 
of  later  observers,  among  them  Kocher,  good  results  have  been  lacking  or 
transitory,  and  this  method  should  therefore  be  cast  aside. 
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n. 

MISCELLANEOUS    DISTURBANCES    OF    CARDL\C    FUNCTIOX— 

THE    SO-CALLED    "CARDIAC    NEUROSES" 

AND    "CARDIAC    NEURASTHENIA." 


GENERAL     CHARACTERISTICS. 

One  of  the  largest  groups  of  cases  seen  by  the  clinician  is  made  up 
chiefly  of  pale,  ansemic-looking  young  patients,  with  hollow  lustreless  eyes 
and  sunken  cheeks,  who  complain  of  symptoms  which  may  be  divided  into 
two  categories: 

Symptoms. —  1.  Symptoms  referable  to  sensory  disturbances 
about  tlie  heart: — palpitation,  precordial  tenderness,  pain  or  constriction, 
pains  and  sensory  disturbances  down  the  arms,  and,  in  rarer  cases,  of 
attacks  resembling  angina  pectoris. 

2.  Symptoms  referable  to  motor  disturbances  of  the  circulation, 
and  especially  to  the  distribution  of  blood  in  the  body: — cardiac  arrhyth- 
mia, weakness,  lassitude  and  weariness,  vertigo,  musc£e  volitantes,  fainting 
spells,  and  an  infinite  variety  of  psychasthenic  and  nervous  sjTnptoms. 

This  same  symptom  complex  has  already  been  encountered  in  the 
attacks  of  paroxysmal  tachycardia  (Chapter  II.),  where  it  has  been  seen 
to  result  from  "arterial  anaemia,"  or  the  relative  depletion  of  the  arteries 
through  dilatation  of  the  veins,  especially  in  the  splanchnic  region.  Y. 
Henderson  believes  that  under  these  conditions  the  viens  are  not  overfilled, 
but  that  they  too  have  become  depleted  by  transudation  of  fluid  into  the 
iyniph  and  tissue  spaces.  Mr.  C.  C.  Cody,  in  t^e  Johns  Hopkins  medical 
clinic,  has  found  a  verj'  lew  venous  pressure  (  —  2  to  —7  cm.  H3O)  in  » 
number  of  ca.ses  of  neurasthenia  and  post  nope  rat  ive  asthenia  in  which  the 
above-mentioned  symptoms  were  present.  The  arterial  pressure  in  all 
but  one  of  these  cases  was  about  normal,  ranging  from  104  to  125  mm.  Kg. 
This  same  circulatory  state  seems  to  be  present  throughout  the  groups 
of  cases  about  to  be  discussed,  although  the  mechanbms  by  which  it  is 
brought  about  are  various. 

Changes  In  Rhythm.— Alterations  of  rhythm  are  very  common  in  this 
group  of  cases  (Hoffmann,  Mackenzie,  Reissner).  They  are  usually  associ- 
ated with  respiration,  with  a  slowing  of  the  pulse  during  inspiration  and  a 
quickening  during  expiration  (Fig.  325).  It  will  be  noted  that  this  exactly 
corresponds  to  the  normal  centripetal  action  currents  in  the  vagus  (Eint- 
hovcn,  Flohil  and  Battaerd)  which  occur  with  each  inspiration,  and  it  is 
probable  that  in  the  condition  of  heightened  excitability  this  (usually  sub- 
normal) reflex  stimulation  becomes  active.  Stadler  and  Hirsch  have  been 
able  to  produce  such  irregularities  by  inflating  the  intestines  of  dogs  and 
rabbits,  but  find  them  only  accompanying  dyspnoea.  These  observers  also 
found  that  such  inflations  of  the  intestines  were  always  accompanied  by  rise 
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of  blood-pressure.  The  writer  has  been  able  to  confirm  these  observations. 
Moreover,  McCaskey  and  Russell  find  that  an  elevation  of  30  or  40  mm. 
Hg  in  blood-pres«ure  may  occur  in  the  course  of  gastro-iutestinal  troubles, 
especially  hyperchlorhydria  and  flatulence.  Russell  suggests  that  there  is 
a  relationship  between  chronic  gastric  intestinal  disturbances  and  sclerosis 
of  mesenteric  vessels. 

In  the  cases  of  enteroptosis  and  of  bathycardia  a  true  pulsus  para- 
doxus (diminution  or  dropping  of  beats  during  inspiration)  may  occur 
from  the  tugging  upon  the  mediastinum,  aorta,  and  great  veins  when  the 
diaphragm  is  drawn  down  during  inspiration.  In  rarer  cases,  and  espe- 
cially those  of  gastro-intestinal  origin,  small,  early  beats  resembling 
extrasystoles  are  present.  In  making  the  diagnosis  of  extraaystoles, 
however,  great  care  must  be  used,  for  it  must  be  remembered  that  in  the 
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FlO.  321. — llwpimtory  Birhj^hmia  in  a  young  cigarefte  siiKiker, 

usual  rhythmic  variations  in  rhythm  the  last  beat  of  a  series  with  increasing 
rapidity  may  be  followed  by  the  pause  due  to  maximal  slowing,  and  thus 
an  extrasy stole  may  be  simulatetl.  On  the  other  hand,  it  must  be  remem- 
bered that  no  experimenters  have  as  yet  been  able  to  produce  extra- 
sy s^toles  by  stimulating  the  extrinsic  cardiac  nerves  (Hcring,  HoflFmann,  the 
writer  and  others),  and  therefore  each  case  of  the  sort  should  be  carefully 
studied  with  venous  tracings  and  electrocardiograms.  True  ventricular 
extrasystoles  demonstrable  with  the  electrocardiogram  are  often  brought 
on  by  flatulence,  though  many  writers  agree  "v^ith  Friedrieh  Mviller  that 
the  presence  of  definite  extrasystoles  is  indicative  of  myocardial  disease. 

Some  years  ago  the  writer  had  under  observation  a  man  forty  years  of  age  who  was 
subject  t«  palpitation  and  an  arrhythmia  brought  on  whenever  he  developed  gas  in 
the  stomacii  or  intestines.  He  liiniself  wan  able  to  distinguish  "  large  and  small "  beat* 
among  the  palpitations,  and  tracings  with  modified  Erianger  apparatus  from  veins  and 
arteries  bore  out  his  impressions.  It  is,  however,  difficult  to  decide  whetlier  these  small 
beats  repreaent  auricular  extrasystolea  or  whether  there  is  simply  a  rapid  rhythm  inttr- 
rupled  by  long  pauses  of  vagal  origin.  He  stated  that  nevertheless  he  wa«  able  to  "out- 
walk his  doctor»"  at  hill  climbing  dmring  periods  when  he  was  suffering  from  both  palpita- 
tion and  arrhythmia.  A  moderate  dose  (J  mg.  =  gr.  ^J^)  of  atropine  caused  drjiiesa  of  the 
mouth  and  some  vertigo,  but  tiid  not  greatly  alter  the  pulse-rate  nor  cause  the  arrhythmia 
to  disappear.  The  patient  would  not  allow  a  larger  dose  to  be  given.  If  one  could  Ije  certain 
that  this  dose  had  paralyzctl  the  vagus  the  extrafiystoUc  nature  of  the  arrhythmia  would 
be  established,  but  it  is  most  probable  that  the  vagus  was  but  tittle  affected  and  that  this 
evidence  cannot  be  regarded  as  conclusive. 

It  has  long  been  customary  to  designate  such  cases  as  "cardiac 
neuroses,  or,  from  the  neurasthenic  symptoms  which  are  most  striking 
to  the  physician,  as  "  e  a  r il  i  a  c  neurasthenia."  On  closer  exami- 
nation, however,  it  may  usually  be  found  that  both  the  cardiac 
and   the  neurasthenic   symptoms   are  not  primary,   but 
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are  secondary  to  some  visceral  displacement  or  irritation, 
to  some  intoxication,  or  in  rarer  cases  to  some  primary 
intense  emotional  disturbance.*  The  heart  itself  is  somid,  but, 
owing  to  the  distribution  of  blood,  does  not  get  a  chance  to  do  the  work  of 
which  it  would  be  capable.  The  terms  "cardiac"  and  "neurasthenia"  are 
therefore  both  misleading,  and  it  might  perhaps  be  more  satisfactory  to  desig- 
nate such  conditions  by  the  adjective  "pseudocardiac'*  (" pseudocardiac 
enteroptosis,"  "pseudocardiac gastralgia,"  "pseudocardiac  aerophagia/' etc.). 

CLINICAL  GROUPINGS. 

Most  if  not  all  of  these  "  cardiac  neurasthenias "  are  brought  on  by  the 
following  conditions: 

Alterations  of  the  position  of  the  heart  in  the  thorax. 

a.  Kyphoscoliosis,  narrowness  or  flatness  of  chest. 

b.  Cardioptosis  or  bathycardia  Oo^  heart), 

(1)  due  to  enteroptosis  (low  diaphragm), 

(2)  due  to  long  thorax  with  diaphragm  normal. 
e.  High  diaphragm  from 

(1)  flatus, 

(2)  fat, 

(3)  tight  lacing. 

Although  many  cases  arise  in  which  no  site  of  origin  can  be  found  for 
the  symptoms,  the  following  represents  a  few  of  the  more  common  causes : 

1.  Abnormal  position  of  the  heart, 

o.  From  curvature  of  the'  spine. 

b.  From  pleural  adhesions. 

c.  Owing  to-  a  low  diaphragm. 

2.  Visceral  reflexes. 

a.  Gastric,  oesophageal  and  intestinal. 

(1)  Air  swallowing. 

(2)  Gastritis,  gastralgias. 
6.  Sexual  organs. 

(1)  Sexual  excesses  (male  or  female). 

F  e  m  a  1  e — At  onset  of  menses  and  at  menopause;  at  menstruation; 
from  myoma  and  other  lesions  of  generative  organs. 
Male  8 — GonorrhGea,  prostatitis,  masturbation. 

3.  Intoxications. 

Tobacco. 

Alcohol. 

Coffee. 

4.  Anaemia. 

5.  Intense  emotional   disturbances. 

ALTERATIONS   IN    POSITION   OF   THE   HEART. 

DLSPL.\CEMENT  OF  THE  HEART  FROM   MALFORMATIONS. 

The  displacement  of  the  heart  which  occurs  in  kyphosis  and  scoliosis 
is  often  the  cause  of  a  true  cardiac  weakness,  i.e.,  weakness  and  dyspnoea 
on  exertion  as  well  as  from  nervous  causes — a  so-called  constitutional  heart 
weakness  as  Kraus  terms  it. 


^  In  many  of  these  cases  sympathicotonic  or  vagotonie  is  well  marked  (see  page  19). 
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The  patients  are  usually  pale,  rather  weak,  and  readily  become  ex- 
hausted and  cyanotic,  and  manifest  ail  the  cardioneurotic  symptoms. 
The  actual  cause  of  the  trouble  lies  not  so  much  in  the  heart  as  in  the  posi- 
tion in  which  it  is  placed  in  the  thorax.     Pressure  and  tractions  upon  both 

the  venic  cavie  and  ihe  arteries  render 
both  inflow  and  outflow  difficult,  and 
thus  bring  about  a  high  venous  and 
a  low  arterial  pressure,  with  the 
symptoms  which  follow  in  its  wake. 
Kraus  and  recently  Herz  have 
called  attention  to  the  cardioiieurotic 
sj^mptomH  which  occur  in  all  narrow- 
chested  indivithmls.  Herz  calls  atten- 
tion to  the  fact  that  in  such  cases 
there  is  a  tremendous  lifting  of  the 
ribs  and  precordiuiu  witli  each  sys- 
tolic erection  of  the  heart.  This  is 
due  to  the  short  anteroposterior  and 
especially  oblique  diameter  of  the 
chest,  so  that  the  heart  pivoted 
against  the  posterior  cheat  wall  must 
push  out  the  left  anterior  wall  in  order  to  complete  its  systole  (cf.  Fig.  326). 
As  will  be  noted,  this  condition  is  quite  different  from  that  which  results 
from  the  low  diaphragm  or  from  cardioptosis,  for  in  those  conditions  the 
heart  either  beats  in  the  long  axis  of  the  thorax,  or  from  its  mobility  cau 
adapt  itself  to  a  narrower  cheat. 


Fid,  322. — Cru,-'!*  •<e<Mion  of  the  Uior&x  of 
a  flat-ehestcd  individiwl,  .ohnwinR  the  *)>'stolic 
hea^'tng  of  the  cha»t  wall  (broken  tinea)  ami 
the  foro«s  bringing  it  Bbout.  Tlie  outliuta  of 
the  ch€i«<t  wall  and  heart  dur^ng  the  ny'^tolic 
hea%'in{!  are  Mhown  by  Ihe  dotted  Yioat  and 
obligudy  shiwtwi  ar«8ii.  llie  protruBious  and 
retractiuna  are  Bhown  by  the  arrows. 


LOW  HEART. 

Even  when  there  are  no  malformations  of  the  chest,  conditions  arise 
in  which  the  position  of  the  heart  within  the  thoracic  cavity  is  altered, 
and  these  give  rise  to  cardioneurotic  symptoms.     These  conditions  are: 

I.  Canlioptosis  (wandering  or  movable  heart),  in  which  the  mediastinal 
attachments  are  loo.se  and  the  heart  readily  moves  from  side  to  side,  as 
well  as  np  and  down. 

II.  Bathycardia  (low  or  unsupported  heart),  in  which  the  heart  lies 
low  in  the  thorax  because  the  dome  of  the  diaphragm  is  lower  than  normal. 
This  is  sometimes  due  to  hepatopto.sis  and  sometimes  to  a  congenitally 
low  Uver. 

III.  The  high  heart  (high  diaphragm),  from  various  causes,  especially 
llatulence,  fat,  lacing,  and  during  pregnancy. 

MOVABLE    HEART    (CARDlOPTOSIs). 

Cardioptosis,  or  extreme  mobility  of  the  heart  as  shown  on  change 
of  position,  was  first  described  by  Glenard  (1885)  and  by  Cherchevsky 
(18S7).  The  latter  observer  noted  that,  while  the  borders  of  the  normal 
heart  move  1-3  cm.  when  the  patient  turns  from  the  left  side  to  the  right 
(while  lying  down),  a  certain  numbt^r  of  cases  (2.4  per  cent,  of  all  cases, 
according  to  Einhorn)  ai-e  encountered  in  which  it  moves  from  4-7  c 
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without  any  other  changea  or  any  enlargement  of  the  heart.    As  a  rule, 
the  symptoms  date  from  some  time  when  the  patient  has  lost  in  weight,g 
perhaps  because  the  disappearance  of  mediastinal  and  omental  fat  causes 
the  organs  to  l>ecome  looser  than  before.    Einhorn  hnti  found  it  much  more^ 
common  in  men  (18  cases)  than  in  women  (4  cases)  and  always  associatec 
with  hepatoptosisj  though  in  cases  like  that  given  below  the  element 
hepatoptosis  may  be  absent. 


Case  of  Cakdio  ptosis. 

This,  as  welt  as  the  other  syrnptomfl,  is  beautifully  ilhistrated  by  a  case  whicli 
writer  has  recentJy  seen  in  consultation  with  Dr.  L.  P.  Hamburger,  The  patient,  aged  31, 
hail  been  a  trainet!  nurse  since  18.  Her  father  had  ciie<l  of  enlargef!  heart  aixl  her  mother 
died  suddenly.  Except  for  Bcarlet  fever,  whooping-cou^h,  and  measles  as  a  child,  she  had 
been  perfectly  healthy  until  the  age  of  19,  when  a  dermoid  cyst  of  the  left  ovary  caused 
profuse  mertsfrual  bleedings.  Tliis  was  removed  and  the  wound  drained.  Adhesions 
formed,  causing  hejidaches  and  backaches  and  hnally  a  ner^'ouj*  break-down,  so  that  a 
secontl  operation  was  done  nine  years  later  to  relieve  the  arlhesions.  At  the  time  of  thia 
operation  she  IohI  14  pounds  and  was  very  nervous,  and  durinje  her  early 
convalescence  had  a  s  y  n  c  o  p  a  I  attack  during  which  her  hands  and  forearma  ' 
completely,  blanched.  One  year  later  the  patient  felt  her  first  cardiac  symp- 
toms, suflfermg  palpitation,  an<l  when  lying  down  has  a  feeling  "as  though  the  heart 
were  turningover  "  or  "  like  a  rubber  bulb  or  sponge  being  equeezed  out."  She  then  feels 
eick  and  has  a  feeling  of  oppression  in  the  chest. 

Physical  examination  shows  a  fairly  nourished  young  woman  of  good 
color;  pupils  equal  and  no  signs  of  Basedow's  disease.  The  left  lobe  of  the  thyroid  is  slightly 
hard,  but  that  organ  is  rather  small. 

The  thorax  m  quite  well  fonned,  not  especially  flat.  Costal  angle  normal.  Limgs 
clear.  The  heart  ia  not  enlarged  and  the  eounds  are  clear.  On  turning  from  side 
to  side,  however,  the  heart  moves  8  cm.  The  pulse  is  of  good  volume 
and  shows  a  weH-rnarked  rewpiralory  irregularity  of  the  type  described  above,  but  no 
extraeystoles.  The  alMlominal  walla  are  soft  but  not  especially  lax;  the  liver  does  not 
descend  when  the  patient  stands,  but  the  right  kidney  is  palpable. 

Bromides,  nitroglycerin,  and  strophauthus  have  been  without  avail;  tincture 
of  belladonna  has  somewhat  f|  u  i  e  1  e  d  her  cardiac  symptoms.  The 
intensity  of  the  symptoms  seems  to  vary  with  her  general  condition.  Upon  being 
assured  of  the  trivial  nature  of  her  complaiJit,  her  symptoms 
immediately   disappeared. 

Several  monthg  later  ehe  reported,  however,  that  they  reappeared  from  time  to  time 
during  perio<ls  when  she  waa  fatigued  or  nerv^ous.  The  presence  or  absence  of  symptoms 
was  always  quite  indei>etident  of  the  mobility  of  the  heart.  In  spite  of  her  gain  in  weight 
and  the  improve/!  condition  under  treatment,  the  cardiac  borders  moved  at  least  7  cm. 
during  the  periods  when  she  was  free  from  symptoms. 

Treatment.  —  The  treatment  of  cardioptosis  presents  a  number  of  dif- 
ficulties. As  seen  from  the  case  cited  above,  the  symptoms  depend  not 
only  upon  the  actual  mobility  of  the  heart  but  also  upon  the  general 
contlition  of  the  patient's  nervous  system.  It  is  the  latter  which  deter- 
mines whether  or  not  the  afferent  impulses  from  the  heart  shall  reach  the 
threshold  of  consciousness.  Accordingly,  the  unpleasant  cartliac  sensa- 
tions may  be  present  only  when  the  irritability  of  the  nervous  system  ia 
increased  by  fatigue,  anemia,  or  other  affections;  so  that  relief  of  the 
latter  by  general  measures  relieves  the  cardiac  symptoms  as  well,  without 
afifecting  their  underlying  cause.  The  mobility  of  the  heart  itself  cannot 
be  treated  dinectly;  but  it  is  sometimes  possible,  by  overfeeding,  to 
cause  a  sufficient  deposit  of  fat  in   the   mediastinum    and    pericardium 
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to  diminish  the  movements  a  little.  Even  when  unsuccessful  in  this 
way,  however,  overfeeding  often  aids  by  improving  the  general  condition 
and  nervou8  tone. 

GENERAL    SPLANCHNOPTOSIS. 

The  mechanism  which  gives  rise  to  the  cardiac  symptoms  of  splanch- 
noptosis (enteroptosis)  has  been  inx'estigated  anatomically  by  Keith  and 
clinically  by  Wenckebach.  The  latter  found,  by  meann  of  the  X-ray 
(fl Horoscope),  that  the  mo*it  important  effect  of  enteroptosi.s  was  to  remove 
the  support  of  the  liver  and  stomach  from  beneath  the  diaphragm.  The 
dome  of  the  diaphragm  was  thus  usually  seen  to  be  flattened 
and  to  be  situated  a  good  deal  lower  than  normal. 


Fia.  323. — Thp  low,  nomial  and  liigli  heart<<.  (HCTni-Hchpma.tic. )  I.  first  rib;  X,  tenth  rib;  VII, 
Vni.  spinet  of  i«evsntli  and  eightli  thoracic  vertebrH*.  The  horiEontul  line  repre«)ent«  the  "xiphiKt^mal 
line**  pftasing  through  the  st^mo-xiphjstemal  articuintian.  The  omall  white  •rrow  represents  trMtioo 
upon  the  tmcheft.     A,  low  heart;    B,  aorm&l  heart;   C,  high  heart. 

The  normal  summit  of  the  dome  in  qtiiet  expiration  Lsjust  ubove  the  level 
of  the  fifth  rib,  anti  its  horizontal  shadow  jiiat  obscures  that  of  the  tenth  rib  1>eliin<l. 
Keith  finds  that  this  is  nornially  ul>out  1  cm.  above  the  ''xiphisternal  line,*' 
a  horiijontal  line  representing  the  level  of  the  sternoxjphoid  articulation.  The  upi>er  border 
of  the  hfth  ril>  at  the  junctioij  with  the  earlilage  is  jtjst  at  this  level.  In  enteroptotiis  Weiifke- 
bach  \n  able  to  .see  the  X-ray  shadow  of  the  ori^^in  of  the  tenth  and  often  the  eleventh  rib 
above  the  dome  of  the  diaphragm,  and  the  latter  lies  well  below  the  xiphititeriial  Hue. 

The  writer  findB  that  for  ordinary  purposes  the  most  convenient  lanthiiarks  are  the 
xiphistenial  urtieulnlion  and  the  tip  of  the  spine  of  the  eighth  thoracic  vertebra,  wliich 
is  just  above  the  upper  border  of  the  tenth  rib.  The  x  i  jihi  «  t  erna  I  articula- 
tion, the  dome  of  t li e  diaphragm,  and  the  tip  of  the  eighth  tho- 
racic «pine  are  normally  on  a  level.  In  enteroptosis  and  low  diapbnigm 
the  ribs  drop  ho  that  first  two  stnjctures  are  below  tlie  eighth  .spine,  while  with  a  high 
diaphragm  the  ribs  are  raisof!  sf  that  they  are  above  it  (Fig.  327). 

Effect  on  Respiration. — The  eflfect  of  this  low  position  of  the  diaphragm 
13  exerted  both  upon  the  respiration  and  the  heart.  The  abdominal  respira- 
tion, which  is  due  to  the  descent  of  the  liver,  is  murh  diminished.  For 
when  the  dome  of  the  diaphragm  is  flattened,  shortening  of  the  diaphragm 
does  not  push  down  the  liver,  but  pulls  upon  the  lower  ribs  in  a  hori- 
zontal or  even  upward  direction.     The  effect  of  this  pull  upon  the  lower 


700 


DISEASES  OF  THE  HEART  AND  AORTA. 


ribs  (Fig.  327,  A)  is  to  narrow  the  cross  section  of  the  thorax  (Duchennejj 
at  this  level  and  to  draw  the  epigastrium  inward,  and  thm 
by  diminishing  the  air  capacity  in  this  portion  of  the  lungs  to  decreaa 
greatly  the  effect  of  inspiration  both  in  sucking  air  and  in  sucking  blood' 
into  the  thorax.  This  is  the  so-called  *  *  p  a  r  a  d  o  x  i  c  a  1  type  of 
respiration/'  Naturally,  its  effect  is  to  diminish  the  intake  of  air 
and  thus  greatly  to  enhance  the  effect  of  any  cardiac  insufficiency. 

Effect  on  Circulation. — On  the  other  hantl,  the  lessened  up-and-down 
movement  of  the  diaphragm,  coupled  with  the  relaxation  of  the  abdominal 
walls,   greatly   diminishes   the   force-pump   and   suction-pump   action   by. 
which  the  blood  in  the  abdomina!  veins  is  forced  onward  to  the  thorax^f 
There    is,   therefore,   a    tendency   for  ^^ 

the  blood  to  stagnate  in  the  abdomi- 
nal viscera.  The  venous  pressure 
becomes  low.  In  consequence,  as 
Henderson  and  the  writer  have  shown, 
the  filling  of  the  heart  is  less  complete 
and  the  systolic  output  is  diminished. 

Leonard  Hill  has  shown  that  if  a 
rabbit  is  supported  in  the  erect  posture 
with  feet  down  and  head  down,  the 
blood-pressure  falls  and  cerebral  an;e- 
mia  seta  in.  If  one  presses  on  the 
animal's  abdomen,  the  blood-pressure 
rises  at  once.  Erlanger  and  Hooker 
found  that  when  normal  men  were 
supported  and  kept  motionless  in  the 
vertical    posture,    the    blood-pressure 

fell  {e.g.y  maximum  fell  from  120  mm.  to  103  mm.,  minimal  from  92.5  mra, 
to  86  mm.,  pulse-pressure  from  2G.7  mm.  to  17  mm.'),  and  in  one  case  there 
was  "pallor,  yawning,  a  feeling  of  warmth,  faintness,  nauaea,"  and 
threatened  syncope.  These  are  the  symptoms  of  arterial  anffimia  common 
in  patients  with  enieroptosis. 

The  low^  position  of  the  diaphragm  exerts  another  effect  upon  the  hearth 
The  diaphragmatic  platform  on  which  it  rests  drops  away  like  a  trap-door 
and  leaves  it  suspended  from  the  great  vessels  and  v'ertebral  column  by 
the  aorta,  trachea,  mediastinum,  and  fasciae  The  heart  thus  lies  in  the 
longitudinal  axis  of  the  body;  and,  in  systole,  the  ajwx  can  be  seen  to  rise 
and  to  pull  down  on  the  trachea  instead  of  moving  inward.  As  Osier  and 
Wenckebach  have  shown,  a  tracheal  tug  may  often  be  felt  and  this 
may  lead  to  a  m  i  st  a  ke  n  diagnosis  of  aneurism.  However, 
this  error  may  be  obviated  when  the  enteroptosis  is  taken  into  considera- 
tion, and  especially  when  the  tug  diminishes  upon  pressing  the  liver  upward 
antl   inward. 

Moreover,  when  the  low  diaphragm  descends  in  inspiration  it  exerts 
further  traction  upon  the  mediastinum  ami  thus  upon  the  aorta  as  well 
as  upon  the  great  veins,  thus  bringing  about  an  inspiratory  diminution 


Fio,  334. — ^Raitinsmpti  of  a  p«ticnt  with  drop- 
pine  Iteart  (baLliyt-Ardiat.      i.KiWt  Prug^ch  luid 
8«hitteiiljelm.)  The  curdiac  .ihadow  is  <<epamt<<d 
from  thftt  of  the  diaphracm  by  a  well-d< 
space. 
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or  dropping  of  the  pulse-beats  (pulsus  paradoxus),  exactly 
like  that  occurring  in  pericarditis,  which  the  appearance  of  the  patient 
may  suggest. 

Physical  Signs.— The  upper  border  of  cardiac  dulnesa  in  these  casea 
does  not  usually  extend  above  the  third  rib.  The  total  area  and  the  area^ 
of  the  cardiac  shadow  are  usually  diminished  and  the  area  of  flatness  com- 
pletely obliterated.  The  attachments  uf  the  heart  have  reverted  to  the 
embryonic  type,  and  that  organ  is  suspended  by  the  elongated  pericardiac 
ligament.  The  a  p  e  x  is  usually  inside  the  mammillary  line.  In  extreme 
cases  the  right  ventricle  is  seen  to  beat  in  the  epigastrium;  but  this  often 
signifies  only  a  dilatation  of  that  chamber.  The  sounds  are  usually  clear, 
but  either  sound  may  be  reduplicated.  There  is  usually  a  soft  systolic 
murmur  of  accidental  type  over  the  area  of  the  right  ventricle,  or  occa- 
sionally at  the  apex. 

The  a  b  tl  o  m  e  n  is  often  flat,  and  usually  shows  marked  linese 
albicantcs.  The  disappearance  of  subcutaneous  fat  makes  the  wails  flabby 
and  the  viscera  are  easy  to  palpate.  The  liver  can  almost  always  be  felt 
when  the  patient  is  sitting  or  stanrhng.  The  k  i  d  n  e  y  a  are  usually  palpa- 
ble and  movable.  When  the  patient  stands,  the  viscera  gravitate  to  the 
hypogastrium,  where  a  fulness  is  seen,  giving  the  abdomen  the  profile  of 
an  interrogation  point  turned  upside  down  (i). 

Pathogenesis. — Eutcroptosis  is  far  more  common  in  women  than  in 
men,  owing  lo  the  stretching  of  the  abdominal  muscles  and  relaxation  of 
the  ijerineal  floor  in  pregnancy  and  labor.  Hence  it  occurs  more  frequently 
in  women  who  have  not  remained  in  bed  long  enough  during  the  puerijerium. 
Nevertheless,  it  is  also  common  in  single  women  and  in  men  whose  abdom- 
inal muscles  are  atonic  from  lack  of  exercise,  or  in  persons  who  from  any 
cause  have  rapidly  lost  weight.  The  rapid  disappearance  of  the  intra- 
abdominal fat  uncompensated  by  contraction  of  the  abdominal  muscles 
takes  away  the  support  from  the  liver  and  facilitates  the  occurrence  of 
enteroptosis.  Indeed  this  latter  factor  is  often  more  important  than  the 
muscular  element,  and  it  is  not  uncommon  to  find  most  typical  examples 
of  enteroptosis  in  thin  persons  whose  abdominal  walls  are  not  abnormally 
flaccid. 

Tight  lacing,  as  well  as  causing  atony  of  the  abdominal  walls,  causes 
the  viscera  to  tug  at  their  ligamentous  moorings  and  finally  to  stretch 
them,  anci  thus  bring  on  an  enteroptosis.  However,  %vhile  the  corset  is 
being  worn  it  pushes  the  liver  and  diaphragm  up,  the  pelvic  organs  down. 
The  typical  corset  heart  is  the  high  heart  and  not  the  low  heart  (see 
Fig.  327,  C).  It  is  only  when  the  corset  is  taken  off  that  the  heart  and 
abdominal  organs  drop. 

Treatment. — The  treatment  follows  from  the  mechanical  conditions. 
It  is  all-important  to  push  up  the  hver.  Fr.  GI6nard,  who  first  described 
enteroptosis,  showed  that  symptoms  were  relieved  by  merely  pressing  up- 
ward on  the  abdomen  with  the  hand  (just  as  in  Leonard  llilFs  rab})it  experi'r 
ment),  and  hence  one  of  the  oklesit  forms  of  treatment  is  the  tightly  fitting 
abdonunal  binder.  A  specially  made  corset  arranged  so  as  to  bring  an 
upward  pressure  upon  all  the  structures  befow  the  costal  margin  gives 
excellent  results,  especially  when  .supplemented  by  pads  over  the  kidneys. 
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Probably  the  best  form  is  an  adjustable  air  cushion  resting  upon  an  alumi- 
num plate  that  is  strapped  to  the  abdomen  (Wenckebach).  For  a  time 
the  attention  of  physicians  had  been  directed  to  the  individual  organ, 
especially  the  kidneys,  and  these  organs  were  sutured  into  place.  But 
experience  has  shown  that  this  only  remedies  a  small  part  of  the  trouble 
and  does  not  remove  the  real  cause. 

The  only  method  of  real  physiological  therapy  is  one  which  will  at 
once  give  support  to  the  viscera  within  the  abdomen  and  also  restore  the 
tonic  contraction  of  the  abdominal  wall.     This  can  be  accompUshed  hyi 
accumulation   of  fat  and  by  exercise.     The  former  procedural 
is  the  one  to  be  attempted  first.     If  the  patient  can  be  kept  at  absolutoj 
rest   in    betl    and    overfed    with    a    diet    containing    about 
350  0   or   4000  calories  in  twenty-four  houi"s,  a  good  deal  of  fat  maj 
be  accumulated  in  about  six  weeks.     The  principal  addition  to  the  diet] 
should  be  o  1  i  v  e   o  i  1  (15  to  25  c.c.  three  times  a  day  =  about  500  calories 
per  day  or  about  60  Gra.  (2  oz.)  of  adipose  tissue).    This  can  he  takeal 
between  meals,  pure  or  flavored  with  a  little  lemon,  sherry,  brandy,  etc.,] 
to  suit  the  palate.    It  is  most  important  that  the  patient's  digestion  should] 
not  be  disturbed  by  it.     Salads  with  dressing,  thick  soups,  and  cerea 
(especially  with  cream)  should  be  given  in  as  large  quantities  as  the  patient^ 
will  take,  and  she  should  be  encouraged  to  drink  milk  instead  of  water. 
Butter  and  cheese  are  also  valuable  additions  to  the  diet  when  the  patient  J 
can  be  made  to  take  them  in  liberal  amounts.     Cakes,  sweets,  and  even' 
puddings  fall  into  the  same  category,  provided  digestion  is  perfect.     She 
should  receive  milk  or  cocoa  between  meals  and  before  going  to  sleep  at 
night.     In  short,  every  means  should  \ye  adopted  to  overfeed  the  patient. 
On  the  other  hand,  it  must  be  reraeml)ered  that  if  her  digestion  be  spoiled 
in  the  process,  it  will  l>e  impossible  to  s^ecure  a  permanent  gain  in  weight, 
80  that  the  process  must  be  begim  gradually  and  the  patient's  appetite  | 
should  l>e  stimulaterl  to  keep  pace  with  the  diet. 

In  order  that  the  fat  should  be  deposited  in  the  places  where  it  will 
give  the  most  support  (i.e.,  the  retroperitoneal  tissue  and  gastrohepatic 
omentum),  the  patient  should  be  made  to  lie  with  a  pillow  under  the  small 
of  the  back  for  as  many  hours  as  possible. 

The  result  of  the  rest  and  overfeeding  treatment,  supplemented  byl 
careful  bandaging,  is  most  gratifying.  With  the  return  of  intra-abdom- 
inal fat  the  patients  usually  improve  in  health  an<l  spirits,  symptoms  sub-j 
side,  and  the  element  of  cardiac  weakness  may  entirely  disappear.  The  I 
patient's  confidence  in  herself  (or  himself)  returns  and  the  neurasthenia] 
subsides. 

Case  or  Enteroptosis. 

The  following  case,  under  the  i»Titer*B  care  in  the  Johna  Hopkins  Hospital  Dispensary, 
illufltrates  the  course  uf  tJie  condition  ami  the  excellent  results  obtainable  by  treatment. 

Mre.  Agnes  L.,  aged  31 ,  first  seen  Feb.  19,  1909.    t'omplaina  of  loss  of  strength, | 
weakness,  and  palpitation,  especially  on  exertion.    She  is  q e r v o us 
and   readily  exhausted.     Has  had  no  swelling  of  the  feet. 

Family  history  neisrative.  Patient  waa  always  healthy,  but  has  had  diphtheria  and 
is  subject  to  sore  throat.  Chlorosis  at  16.  Bowels  constipated.  IVIertst ruation  regular 
but  painful.  She  liaa  had  two  children  but  no  njiscarriages.  Drinks  coffee  and  tea  in 
moderation. 


DISTURBANCES  OF  CARDIAC  FUNCTION. 


5 


Prejient  trouble  dates  from  birth  of  last  child  four  years  ago.  She  feels 
tired  all  the  time  and  is  subject  to  weakness  and  ^Milpitation  after  exertion.  She  sleeps 
well,  however.  Her  feet  are  never  swollen.  Two  years  aj?o  she  was  treated  by  anothef 
Ijliysictan  for  the  same  trouble,  which  was  then  «hagnosed  neurasthenia.  She  was  overfed 
and  iiiude  to  lie  down  every  day,  Gained  weight  and  improved  somewhat,  but  baa  loai 
weight  since  then. 

Physical  examination  shows  a  fainy  nourished  woman,  tall  and  sparely 
built.  Her  eyes  and  cheeks  are  sunken,  and  exp>re8fi.ioii  in  one  of  depression.  Her  color 
is  pale,  but  the  hsBmoglobin  is  9Q  per  cent.  Thyroid  is  not  enlarged.  No  glandular  enlarge- 
ment. Thorax  is  long  and  flat  and 
held  in  the  ponition  of  expiratiofi.  Costal  angle 
in  very  acute.  There  are  a  few  rAlee  at  the 
left  apex  (which  were  not  present  on  fiubse* 
quent  examinations).  The  upper  border  of 
cardiac  duhiess  begins  at  the  third  rib  and 
extend.-j  in  the  fifth  interspace  to  the  left 
mammillary  line  and  in  the  fourth  30  cm.  to 
the  right  of  the  midline.  Owing  to  the  form 
of  the  patient's  cheat,  however,  the  fifth  left 
iiUerspace  is  situated  at  a  lower  level  (referred 
to  the  spine)  than  is  normal.  The  cervico- 
xijihoid  distance  is  totig.  Heart  sounds  are 
clear  and  puhte  i«  regular. 

Abdomen. —  The  liver  extends  below 
the  costal  margin.  There  is  marked  gaatrop- 
tONi.>^,  the  stomach  lying  below  the  \imbilicu8. 
Both  kidneys  palpable.    Genitalia  negative. 

Extremities,  —  Senaatiou  and  re- 
flexes normal. 

Patient  was  given  an  abdominal 
b  a  n  d  u  g  e  and  eacourage<l  to  full  diet, 
esjiecially  rich  in  butter,  milk,  eggs,  and  salad. 
Besides  this  one  tablespoonful  of  olive  oil 
three  times  a  day.  She  was  ma<le  to  rest 
and  lie  down  several  hours  a  day  with  a 
pillow  under  the  small  of  her 
b  a  c  k  to  favor  dep<Jsition  of  perirenal  fat. 
Within  an  hour  after  the  abdominal  binder  was  first  put  on 
her  c  o  n  d  i  I  i  o  n  was  ma  r  k  e  d  1  y  i  nj  p  r  o  v  e  d  ,  her  expres*iion  was  brighter,  and 
she  felt  more  active.  The  patient,  however,  still  stoo<l  with  stooping  shoviUlers,  whit'h 
caused  the  cheat  to  continue  in  the  fiosition  of  expiration  and  allowed  the  heart  to  hang 
low.  This  position  was  improve4l  by  the  use  of  shoulder  braces.  The  patient's  condition 
and  strengtii  stejidily  ira]iroved  and  her  cardiac  symptoms  had  entirely  disapf^eared  after  the 
abdominal  banditge  was  put  on.  The  gain  in  weight  during  three  niontlis  was  only  .3^  pounds. 


Flu.  :i2,"i.  I'..  '.  ^.-:^:i  -  -  .'-1  --lit  with  til- 
IVTopums'.  iUn  upper  bonier  vi  cardiac  dul- 
ne&«  bee'iiiH  Ht  the  thirij  hh  41(1);  tho  heart  is 
Pinall  and  lioa  vertically.  Thtf  liver  it*  low  aud 
palpable. 


CaAB    of   ENTEROPT0818   SiSiCULATINO   AkTEUBIBM   OP   THE    DESCENDING    AoRTA. 

P.  R.,  a  wool  eorter,  aged  42,  came  to  the  Johns  Hopkins  Hospital  Dispensarj'  on 
March  5,  1909,  corapJaining  of  a  drawing  pain  in  both  sides  an»l  in  the  epi* 
gastrin  in.  The  family  hi.story  and  (.(ersonal  history  were  negative.  The  patient  denies 
lues,  but  has  had  to  lift  lieavy  sacks  in  his  work.  His  pain  began  about  six  weeks  before 
admission  while  he  wa«  at  work  and  waa  accompanied  by  palpitation,  and  it  has 
conliiuved  since  then. 

The  patient  was  a  well-nourished  man  of  good  color.  The  left  pupil  was 
larger  than  the  right,  but  both  reacted  to  light  and  accommodation.  The  thorax 
was  long  and  there  was  a  slight  funnel  breast.  The  lungs  were  clear  on  percussion  and 
auscultation.  The  area  of  cardiac  dulnesa  waa  slightly  smaller  than  normal;  dulrteaa 
bepui  above  at  the  lower  border  of  the  third  rib,  extended  7.5  cm,  to  the  left  in  the  fifth 
left  interHpace  and  2.5  cm.  to  the  right  of  the  midline.  The  heart  moved  6  cm.  on 
change  of  position.    The  apex  is  3  cm.  below  the  xipliisteroal  line.    The  left   radial 
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pulse  was  slightly  smaller  than  the  right.  There  was  well niariced  pul- 
sation in  the  epigastrium,  and  the  liver  was  well  seen  and  readily  felt 
below  the  costal  margin.  There  was  a  well-marked  tracheal  tug 
which  diminished  when  the  liver  was  pushed  upwards  with 
the    hand. 

The  fluoroscopic  examination  by  Dr.  Baetjer  showed  that  the  aorta  was  clear.  An 
abdominal  binder  was  applied.  The  abdominal  pains  and  palpitation  ceased  and  the 
tracheal  tug  diminished  markedly.  The  patient  was  able  to  continue  work  without  dis- 
comfort.   His  pains  have  been  absent  for  over  a  year. 

LOW   HEART    WITHOUT   ENTEROPTOSIS    (BATHTCARDIA). 

There  is  another  type  of  long,  flat-chested  individuals  in  whom,  al- 
though there  is  no  enteroptosis,  the  diaphragm  is  low.  The  donne  of  the 
diaphragm  is  not  flat,  but  is  well  arched.  The  insertion  of  the  diaphragm 
may  be  somewhat  lower,  and  the  length  of  the  thoracic  cage,  which  is  held 
in  the  position  of  expiration,  is  considerably  greater  than  normal  (Fig. 
327,  A).  As  a  result  of  this  lengthening  of  the  thorax,  the  distance  from 
the  structures  upon  which  the  heart  hangs  (aorta,  trachea,  mediastinum) 
to  the  diaphragm,  which  supports  it,  is  lengthened,  and  just  as  in  enterop- 
tosis  the  heart  hangs  free  above  the  diaphragm.  It  is  therefore  termed 
the  "hanging  heart"  or  "dropping  heart."  It  pulls  upon  the  trachea  in 
systole  and  causes  a  tracheal  tug.  It  pulls  upon  the  aorta  in  inspiration 
and  causes  a  pulsus  paradoxus.  The  interference  with  cardiac  filling  and 
with  the  abdominal  circulation  gives  rise  to  about  the  same  symptoms 
of  cardiac  weakness  as  are  encountered  in  enteroptosis,  though  often  to 
a  less  marked  degree. 

The  diagnosis  is  usually  best  made  with  the  fluoroscope;  for  the  pres- 
ence of  a  mild  brachial  impulse  and  pulsus  paradoxus  may  cause  the  con- 
dition to  be  mistaken  for  either  aneurism  or  mediastinitis.  There  may 
even  be  a  slight  tugging  on  the  low  diaphragm  (Broadbent's  sign)  at  the 
depths  of  respiration.  It  is  extremely  diflicult  to  exclude  mediastino- 
pericarditis  in  many  cases  in  which  the  palpitation,  pallor,  fatigue,  short- 
ness of  breath,  paradoxical  pulse,  etc.,  are  intense.  In  some  cases  with 
reduplicated  first  sound  mitral  stenosis  may  be  thought  of.  Absence  of 
hypertrophy  of  the  left  ventricle  (cardiac  dulness  inside  mammillary  line) 
should  exclude  organic  mitral  insufficiency  even  in  the  presence  of  a  sys- 
tolic murmur.    The  diagnosis  is  made  chiefly  on  fluoroscopic  examination. 

Treatment. — As  the  condition  is  due  to  the  low  diaphragm,  just  as  in 
actual  enteroptosis,  the  chief  indication  is  to  raise  the  diaphragm.  In 
bringing  this  about  with  normal  abdominal  walls  a  bandage  is  of  some  avail, 
but  fattening  is  not  successful. 

On  the  other  hand,  the  obliquity  of  the  ribs  is  also  at  fault,  and  this 
can  be  corrected  by  training  the  patient  to  take  deep  inspirations  and  to 
stand  with  his  shoulders  and  hips  thrown  back. 

HIGH    DIAPHRAGM. 

The  exact  opposite  condition,  that  in  which  the  diaphragm  is  so  high 
that  the  heart  is  placed  in  a  position  in  which  it  works  at  a  disadvantage 
(probably  by  interference  with  venous  inflow),  is  found  in  fat  persons,  in 
many  dyspeptics  with  flatulence,  in  emphysema,  and  in  women  as  a  result 
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of  tight  lacing.  In  the  first  three  conditions  there  is  diminished  respiratory 
movement,  especially  the  costal  movements,  since  the  ribs  in  most  cases 
are  held  in  the  position  of  expiration  and  the  possible  excursion  thus  dimin- 
ished; while  in  persons  who  lace  tightly  abdominal  respiration  is  impeded 
and  the  respiration  is  mainly  costal.  In  these  cases  the  heart  is  raised  by 
the  iliiiphragm.  especialSy  in  inspiration,  and  thus  comes  to  lie  more  trans- 
versely to  tne  axis  of  the  body.  In  such  persons  the  xiphisternal  articula- 
tion lies  above  the  level  of  the  eighth  thoracic  spine,  the  diaphragm  shadow, 
according  to  Wenckebach,  obscuring  the  ninth  and  tenth  ribs.  The  apex 
lies  in  the  fourth  mterspace  outside  the  raammillary  line,  often  leading 
to  the  suspicion  of  valvular  lesion  or  myocarditis. 

This  pushing  up  of  the  heart  tends  to  impede  the  heart's  action  and 
to  produce  fall  of  arterial  pressure,  as  was  first  shown  by  v.  Frey  and  Krehl 
in  1890. 

The  clinical  result  of  these  conditions  is  to  produce  a  syndrome  not 
unlike  that  of  the  exactly  opposite  conditions,  *'cardio ptosis"  and  "drop- 
ping heart," — i.e.,  a  diminished  cariliac  filling, — and  is  undoubtedly  in  a 
large  measure  responsible  for  many  of  the  symptoms  of  the  "  heart  of 
ol>esity"  and  of  indigestion. 

Treatment  must  be  directed  to  the  cause, — regulation  of  diet  for  the 
fat  and  tiyspeptic,  loosening  of  the  corset  for  the  woman  who  laces.  How- 
ever, the  latter  should  be  done  gradually  enough  to  give  the  abdominal 
walla  time  to  adjust  themselves,  lest  a  true  splanchnoptosis  replace  it. 


REFLEX    CARDIAC    DISTURBANCES. 


GASTROINTESTINAL. 


U  Patients  with  chronic  gastro-intestinal  disturbance^  often  come   to 

■  consult  the  physician  for  the  cardiac  symptoms  which  these  bring  about, 
K       — namely,  palpitation,  pain  in  the  region  of  the  heart,  tachycardia,  and 

■  often    irregularity  of    the  pulse, — symptoms  which    are   all    more    deeply 

■  impressed  on  the  patient  s  mind  than  are  the  heart-burn  and  belching  from 
the  underlying  indigestion. 

As  has  been  seen  in  connection  with  angina  pectoris,  gastric  disturb- 
ances may  cause  cardiac  symptoms.  The  motor  disturbances  (arrhythmia, 
tachycarLiia,  etc.)  are  in  a  large  part  due  to  the  spread  of  stimuli  from 
the  gastric  branches  of  the  vagus  to  the  cardiac,  while  the  sensory  symp- 
toms are  due  in  part  to  false  reference  of  impressions,  in  part  to  a 
similar  spreading  of  stimuH,  and  in  part  to  an  associated  hypera?stheria  of 
these  branches  of  the  vagus. 

The  chief  irritants  are  butyric  and  lactic  acids  (acid  fermentation), 
excess  of  hydrochloric  acid,  and  the  gases  of  fermentation, — CO,  (40  per 
cent,  in  the  absence  of  HCl),  H,,  N,,  0,,  HjS,  and  often  CH^  (inllammable) 
in  butyric  ucid  fermentation  (Hoppe-Seyler). 

Air  Swallowing. — One  of  the  most  important  factors  in  paeudocardiac 
dyspepsia  is  air  swallowing.  As  Wyllie  has  shown,  it  is  extremely 
common  for  persons  suffering  from  slight  gastric  discomfort  to  find  them- 
selves relieved  by  belching.    As  a  result  they  seek  further  relief  by  forcing 

45 
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themselves  to  belch.  The  forced  belching  gives  only  momentary  relief, 
but  aggravates  the  discomfort,  giving  rise  to  a  familiar  sensation  of  an 
object  lying  just  behind  the  larynx.  They  belch  again  to  remove  it,  and 
the  belching  is  thus  continued  indefinitely,  always  accompanied  by  a  cer- 
tain discomfort  and  often  by  a  loud  noise. 

Mechanism  of  Aerophagla. — Wyllie  and  others  have  shown  that  the  mechanism 
of  involuntary  and  voluntary  belching  is  quite  different.  In  the  formed 
case  an  excess  of  the  gases  of  fermentation  is  regurgitated  from  the  stomach,  and  this 
can  occur  only  when  there  is  an  excess  of  gas.  In  the  latter  case  the  patient  first  swal- 
lows or  gulps  the  air  by  placing  the  tongue  against  the  roof  of  the  mouth  (in  the  position  of 
pronouncing  the.  consonant  "T"  and  then  exerting  a  deep  inspiration.  These  movements 
force  the  air  into  the  oesophagus.  It  remains  there  an  instant,  and  may.  then  be  either 
swallowed  or  expelled  by  a  forced  expiration  with  the  glottis  closed,  causing  the  loud 
noise  of  belching  as  it  forces  apart  the  vocal  cords  and  pushes  up  the  epiglottis.  Most 
often  part  of  the  air  is  swallowed  and  part  regurgitated,  and  a  few  bubbles  of  air  remain 
in  the  oesophagus  most  of  the  time,  giving  rise  not  only  to  the  feeling  of  discomfort  but 
often  to  reflex  cardiac  disturbances.  Wyllie  calls  attention  to  the  fact  that  air  gulping 
occurs  not  only  in  man  but  also  in  horses  and  cattle,  where  the  condition  is  known  as 
"  wind  colic  "  and  "  hoven,"  which  often  becomes  so  severe  that  it  may  cause  the  death 
of  the  animal.  The  symptoms  are  "difficult  breathing,  bloodshot  eyes,  red  mucous 
membrane,  loud  tumultuous  heart-beat,  trembling  of  front  legs,  etc."  This 
can  be  brought  about  in  dogs  by  inflating  either  stomach  or  intestines  with  air  under 
pressure,  paralysis  and  heart-failure  resulting.  Wyllie  believes  that  the  condition  is  still 
more  common  in  infants  and  in  children,  and  thinks  that  it  is  responsible  not  only  for 
wind  colic  but  for  certain  cases  of  death  with  abdominal  distention. 

Palpitation  when  patients  are  quiet  may  be  more  striking  than  actual  shortness  of 
breath  on  moderate  exertion  (unless  amemia  is  also  present).  But  this  is  not  an  invariable 
rule,  for  on  account  of  the  high  diaphragm  of  flatulence,  the  intensity  of  the  cardiac  dis- 
comfort, or,  oh  the  other  hand,  the  habitual  weakness  of  the  patient's  muscles,  there  may 
be  actual  cardiac  wealcness  as  well. 

The  treatment  of  air  gulping  is  of  the  greatest  importance.  Wyllie 
states  that  this  troublesome  habit  can  be  promptly  overcome  by  keeping 
the  mouth  open.  For  persons  who  swallow  air  in  their  sleep,  a  gag  or  cork 
has  to  be  tied  in  the  mouth.  This  method  is  in  general  use  among  veterinary 
surgeons  and  is  uniformly  successful.  It  is  evident,  therefore,  that  the 
diagnosis  of  air  swallowing  must  be  carefully  made.  In  many  cases  this 
may  be  done  by  getting  the  patient  to  show  you  how  she  usually  belches, 
the  voluntary  procedure  indicating  the  nature  of  the  process.  In  doubtful 
cases  it  may  be  necessary  to  analyze  the  gas  by  Hoppe-Seyler's  method; 
but,  as  Wyllie  remarks,  the  diagnosis  is  best  made  ex  juvantibus,  by  cessa- 
tion of  the  condition  when  the  mouth  is  kept  open.  The  possibihty  of 
unconscious  quiet  air  swallowing  in  other  cases  of  flatulence  must  also  be 
borne  in  mind. 

Constipation. — An  accumulation  of  fecal  matter  is  also  a  very  common 
cause  of  cardiac  symptoms.  Extrasystoles  are  usually  more  common 
when  the  patients  are  constipated.  Kuthan  has  also  seen  patients  in 
whom  attacks  of  angina  pectoris  occurred  regularly  during  periods 
of  constipation  and  disappeared  when  the  bowels  were  kept  open.  These 
symptoms  are  produced  partly  by  the  lifting  of  the  diaphragm  and  per- 
haps also  in  part  by  the  chemical  action  of  indol,  skatol  (Russell, 
Herter),  and  other  fermentation  products.  These  substances  may  act 
directly  upon  the  intestinal  nerve  endings  or  upon  the  heart  muscle  and 
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cardiac  nerves  after  absorption  into  the  general  circulation  (as  assumed 
by  McCaskey).  It  must  be  admitted  that  the  action  of  such  products 
is  not  very  well  known. 

Apart  from  the  general  methods,  treatment  of  the  cardiac  symptoms 
is  \)est  accomplished  by  treating  the  gastric  condition  with  appropriate 
diet,  hivago,  galviinization  (S  to  12  milliamperes),  and  faradization  of  the 
stomach,  etc.  The  bowels  should  be  kept  open.  The  various  forms  of 
fermented  milk  containing  lactic  acid  (buttermilk,  kephyr,  etc.)  as  well 
as  the  preparations  of  lactic  acid  baciUi  are  often  of  benefit  in  the  treat- 
ment of  intestinal  fermentation. 

Treatment  of  the  constipation  which  is  often  present  should  consist 
of  free  purgation  with  Epsom  salts,  followed  by  a  course  in  cascara,  hydro- 
therapy, abdominal  exercise,  and  a  diet  rich  in  fat,  coarse  foods,  and  in 
liquids.  The  most  important  feature  is  forcing  the  patient  to  defecate  at 
regular  hours  and  at  no  other  times. 


REFLEXES  FROM  THE  SEXUAL  ORGANS- 

Practically  all  the  disturbances  of  the  sexual  organs  are'  accompanied 
by  the  p^eudocardiac  syndrome.  It  occurs  in  both  male  antl  female  after 
sexual  excesses  and  organic  diseases. 


I 


MALE    SEXUAL   ORGANS. 

In  men  gonorrhoea,  prostatitis,  and  especially  masturbation  are  among 
the  first  conditions  to  be  thought  of  when  a  patient  presents  himself  with 
these  symptoms.  Curschmann  and  Bachus  have  especially  called  attention 
to  the  latter  condition  and  have  found  that  masturbation  may  even  lead 
to  cardiac  hypertrophy.  Bachus  has  made  the  very  significant  observa- 
tion that  in  many  of  his  masturbators  the  thyroid  glands  were 
somewhat  enlarged,  so  that  he  lieheved  that  the  abnormal  sexual 
activity  might  have  led  to  a  secondary  over-activity 
of  the  thyroid.  (Perhaps  this  may  occur  through  the  action  of  a 
hormone  in  the  testicles,  seminal  vesicles,  or  prostate.)  At  all  events, 
since  thia  organ  may  be  afiected  reflexly,  the  secondary  activity  of  the 
thyroid  is  to  be  thought  of  in  all  cases  of  paeudocardiac  tlisease  of  sexual 
or  of  purely  nervous  origin.  It  is  also  possible  that  the  prostate  gland 
may  have  an  internal  secretion  of  similar  character. 

The  diagnosis  must  be  made  from  the  histor}%  as  well  as  from  a  careful 
physical  examination  in  which  the  mouth  of  the  urethra  is  especially  exam- 
ined, and  careful  palpation  of  the  prostate  and  prostatic  secretion. 

Treatment  is  tlirected  mainly  to  the  primary  condition,  but  the  bro- 
mides should  be  used  somewhat  more  freely  in  sexual  disturbances  than 
in  the  other  conditions. 

FEMALE. 

In  women  the  paeudocardiac  disturbances  are  not  only  more  common 
but  more  severe  than  is  usual  in  men.  Palpitation,  with  tachycardia  and 
weakness,  is  very  common  at  the  age  of  puberty  and  is  practically  universal 
in  chlorosis  which  is  then  so  common. 
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In  young  and  healthy  married  women  Kisch  has  found  that  attacks 
of  palpitation  with  rapid  pulse  and  dyspnoea  may  occur — 

1.  As  the  result  of  sexual  excesses  in  women  whose  sexual  desire  is  very  keen. 

2.  After  attempted  coitus  when  vaginismus  is  present  (cured  by  operation  upon  the 

vagina). 

3.  In  women  who  have  practised  coitus  interruptus  for  a  long  time  without  attaining 

sexual  satisfaction. 

Kisch  believes  that  in  general  coitus  stimulates  the  cardiac  nerves 
in  proportion  to  the  intensity  of  the  orgasm.  Masturbation,  on  the  other 
hand,  has  a  much  less  intense  effect  on  women  than  on  men  (Kelly),  and 
is  rarely  responsible  for  cardiac  disturbances. 

Veit  calls  attention  to  the  fact  that  asthmatic  attacks  from 
cardiac  insufficiency  constitute  an  early  symptom  of 
myoma.  He  believes  that  these  arise  in  the  early  stages  of  brown 
atrophy  and  cardiac  obesity,  as  these  lesions  have  been  found  by  Lehmann 
and  Strassman  and  also  by  Fleck  in  40  per  cent,  of  all  cases  of  myoma.* 
Kelly  and  Cullen,  however,  deny  that  myomata  in 
themselves  are  associated  with  any  cardiac  disturb- 
ances except  those  due  to  the  anaemia  which  is  pres- 
ent. In  a  very  careful  study  of  1428  cases  of  myoma  they  found  that 
"In  the  majority  of  cases  (with  cardiac  manifestations,  92)  an  apical  sys- 
tolic murmur  was  detected.  This  murmur  was  usually  very  soft  in  character. 
In  some  it  was  limited  to  the  apex,  but  in  others  it  could  be  traced  to  the 
axilla  and  in  some  patients  to  the  base  of  the  heart."  In  nearly  all  the 
cases  (92)  in  which  cardiac  lesions  were  present,  the  patient  gave  a  history 
of  monorrhagia,  often  associated  with  intermenstrual  bleeding.  These 
patients,  as  a  rule,  stood  the  anaesthetic  well  and  in 
a  comparatively  short  time  they  had  gained  much  in  strength  and  their 
cardiac  murmurs  had  disappeared.  Some  authorities  claim  that  the  myoma 
in  itself  brings  about  cardiac  changes.  If  such  were  the  case,  then  the 
larger  the  myoma  the  more  pronounced  should  be  the  cardiac  murmurs. 
This  has  not  been  our  experience.  The  largest  tremors  have  not  been 
associated  with  any  cardiac  symptoms,  but  the  heart  complications  have 
almost  invariably  been  associated  with  copious  bleeding  from  the  uterus 
(i.e.,  submucous  myomata). 

"  Most  of  the  murmurs  noted  in  our  cases  were  at  the  time  considered 
to  be  functional."  (Cullen.)  That  there  is  little  danger  from  functional 
impairment  of  the  heart  is  shown  by  the  fact  that  Kelly  and  Cullen's  mor- 
taUty  in  their  last  240  cases  of  myoma  was  less  than  1  per  cent. 

Lenhartz  has  found  that  cardiac  symptoms  are  almost  always  more 
frequent  during  the  week  preceding  the  menstrual  flow.  They 
are  also  more  frequent  as  the  climacteric  is  approached,  an  angioneurosis 
(flushing)  with  palpitation  and  more  or  less  tachycardia  being  universal. 
Strassman  and  I^ehmann  have  called  attention  to  the  similarity  between 
these  phenomena  in  ovarian  secretion  and  those  of  the  thyroid  gland, 
and,  as  has  been  stated,  the  thyroid  varies  in  size  with  the  changes  in  ova- 
rian activity.     Leo  Loeb,  Starling,  and  others  have  shown  that  this  is  due 


'  In  34.6  per  cent,  of  Fleck's  cases  there  was  no  amemia. 
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to  the  action  of  a  h&rmone  arising  in  tho  ovaries  and  especially  in  the  corpus 
luteum,  which  acts  upon  the  uterus,  nittnininry  glancLs,  and  thyroid.  No 
doubt  it  also  lias  some  action  upon  the  heart,  but  tliis  is  still  obscure,  and  it  is 
difficult  to  determine  how  much  of  the  effect  is  due  to  the  ovarian  secretion 
itself  and  how  much  to  the  seiMmdarj'  hyperthi-Tdidism. 

It,  (1,  Hoskins  and  \Miw4t*ii  (Am.  Journ,  Physiol.,  1914,  xxxv,  119)  have 
found  heighteued  l)Iood-[)iesfiyre  and  heightened  irritability  of  the  sympathetic 
ner\'ous  system  in  castrated  bitches. 

Prognosis  and  Therapy. — The  prognostic  importance  of  cardiac  disturb- 
ances arising  in  the  sexual  organs  varies  with  the  primiiry  lesion  and  its 
chronicity.  In  the  prestnice  of  gonorrhoea  or  pehic  abscesses  the  probability 
of  a  nietfistatic  myo-  f)r  endocarthtis  must  not  be  forgntten.  In  the  presence 
of  ana?niia  the  development  of  fatty  degeneration  must  be  thought  of.  In 
niiisturliating  men  there  is  a  true  cardiac  hyt)ertrophy  with  the  usual  accom- 
fMinying  changes.  These  factors  must,  therefore,  Ik^  excluderl  l>ofore  the 
diagnosis  of  a  true  neun)sis  is  made  and  an  unqualified  favorable  prognosis 
can  be  given. 

In  the  simple  cardioneurosis  or  pseudocardiac  sexual  tlisturbance  the 
cardiac  outlook  is  favorable  if  the  primary  condition  can  l>e  removed.  If 
not,  the  prolonged  reflex  stimulation  of  the  cardiac  nerves  leads  first  to  a 
"  work  hypt^rtrophy  "  and  then  probably  to  cardiac  overstrain  and  premature 
caniioKclerotic  or  atrophic  change-j. 

The  treatment  is  therefore  in  the  field  of  the  gynaecologist  or  genito- 
urinary specialist  and  not  in  that  of  the  internist.  ICven  masturbation 
and  sexual  excesses  may  have  a  basis  in  organic  irritation  and  should  not 
be  regarded  aa  entirely  psychogenic  without  examination.  These  may 
be  much  helped  by  psychotherapy,  cold  baths  in  the  morning  and  cold 
packs  at  night,  and  exercise  during  the  day.  The  psychic  effect  of  the 
treatment  will  be  greatly  enhanced  if  the  impression  is  clinched  at  once 
by  the  administration  of  potassium  or  sodium  bromide  (1  Cfm.  =  gr.  xv, 
t.i.d.  and  before  going  to  bed)  disguised  in  elixir  of  calisaya  or  in  com- 
pound tincture  of  gentian  or  of  cardamom;  for  the  patient's  confidence 
in  the  outcome  is  gained  by  finding  the  abnormal  desire  to  decrease  at 
once  vdlh.  the  onset  of  treat  me  nt. 

ADENOIDS  AND  RF^PIRATORY  OBfiTRUCTFON. 

Adenoids. — The  presence  of  adenoid  growths  in  the  nasopharynx  is  also 
of  importance,  not  only  because  they  interfere  with  the  respiratory  intake  of 
air  and  thus  bring  about  dyspnjsa  on  exertion,  which  may  simulate  a  true 
cardiac  weakness,  but  also/  be^'ause  attacks  of  mild  asphyxia  maj'  occur 
during  sleep  and  cause  the  patient  to  awaken  suddenly  with  a  severe  palpi- 
tation and  other  cardioneurotic  symptoms.  Besides  this,  during  waking 
hours  the  lesions  may  continue  to  produce  reflex  irritation  of  the  cardiac 
nerves  and  give  rise  to  cardioneurotic  symptoms  in  the  same  way  as  do 
disturlmuces  in  other  organs. 

Arrhythmia  of  Nasal  Origin. — A  physiological  bsisis  for  these  clinical 
findings  has  been  furiushed  by  Fran^ois-Franck  (1889),  who  found  that 
an  arrhythmia  of  vagal  origin  could  be  produced  by  stimulating  the  nasal 
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mucosa.  His  studies  have  recently  been  confirmed  by  Koblanck  and 
Roeder,  who  found  that  in  8  cases  with  arrhythmia  and  nasal  disease 
there  were  alterations  in  the  mucous  membrane  of  the  nasal  septum  in 
a  spot  opposite  the  middle  turbinate  bone.  There  were  often  nose-bleeds 
as  well.  Touching  this  spot  with  a  blunt  probe  in  man  and  animals 
produced  a  similar  arrhythmia.  No  other  area  of  nasal  mucosa 
gave  this  reflex.  The  arrhythmia  was  characterized  by  series  of  beats  with 
increasing  rapidity  interrupted  by  long  pauses,  sometimes  simulating 
extrasystolic  bigemini  (Curves  1  (man)  and  3  (rabbit),  K.  and  R.),  but  it 
could  not  be  produced  after  either  vagus  was  cut.  Stimulation  of  other 
mucous  membranes  in  this  manner  did  not  give  rise  to  such  arrh3rthmla. 
The  authors  showed  that  these  stimuli  are  carried  by  the  septal  branch  of 
the  trigeminus  which  lies  in  this  vicinity,  for  they  could  not  be  produced 
after  cutting  the  trigemini,  and  believe  that  they  are  carried  directly  from 
the  trigeminus  nucleus  to  that  of  the  vagus  through  the  fasciculus  longi- 
tudinalis  medialis.  With  cure  of  the  nasal  condition  the  arrhythmia  and 
allied  disturbances  disappeared. 

Cardiac  Asthma  from  Disease  of  Nasal  Septum.— FranQois-Franck  also 
fihowed  by  careful  graphic  methods  that  stimulation  of  the  nasal  reflex  can 
give  rise  to  cough,  laryngeal  spasm,  asthma,  and  even  a  reflex  bronchitis, 
reflexes  which  in  themselves  may  add  to  the  impression  of  a  primary 
cardiac  disturbance.  He  found  that  these  reflex  conditions  were  more 
pronounced  in  animals  with  aortic  insufficiency  than  in  normal  animals. 
The  condition  in  man  is  similar,  and  in  the  presence  of  an  organic  cardiac 
lesion  these  contributing  factors  may  play  a  rdle  which  determines  the 
security  of  the  cardiorespiratory  symptoms,  so  that  the  cause  of  the 
paroxysmal  dyspnoea  may  in  some  cases  have  to  be  looked  for  in  the  nose. 


TOXIC   CARDIONEUROSES. 

"TOBACCO  HEART." 

Persons  who  suffer  from  excessive  use  of  tobacco  may  be  divided  into 
three  classes: 

1.  Non-smokers  suffering  from  a  single  indulgence  (acute  tabagism  or  nicotinism). 

2.  Young  habitual  smokers,  especially  those  who  inhale  cigarette  smoke  (subacute 

nicotinism). 

3.  Old  habitual  smokers,  especially  of  cigars  and  pipes,  who  suffer  from  the  patho- 

logical changes  produced  in  the  arteries  (especially  the  coronary  arteries)  and 
myocardium,  and  partly  from  the  added  effects  of  the  nicotine. 

PHYSIOLOGICAL   EFFECTS. 

The  physiological  effect  of  smoking  has  recently  been  studied  by  Lee, 
as  well   as  by   Bruce,   Miller,   and   Hooker. 

Lee  found  that  ordinary  tobacco  smoke  obtained  from  1000  Gm.  tobacco  contained 
nicotine  1.165  Gm.,  pyridine  bases  (chiefly  pyridine  and  collidine)  0.148  Gm.,  HCN  0.08 
Gm.,  NH,  0.36  Gm,,  CO  410  c.c.  The  chief  toxic  product  is  therefore  nicotine.  The 
composition  varied  considerably  with  both  the  quality  of  the  tobacco  and  the  mode  of 
smoking.    The  greater  part  of  the  nicotine  at  the  seat  of  combustion  is  destroyed,  and  that 
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which  reaches  the  mouth  is  volatilized  by  the  hot  gasM  while  passing  over  the  unburaed 
area.  Accordingly  a  thick  cigar  has  the  worst  eflFect,  since  it  acts  as  a  chimney  leading 
the  gasea  to  the  mouth,  while  in  a  thin  cigar,  **  stogie,"  or  cigarette  they  escape  into  the 
surrounding  air.  (In  cigarette  smoking  inlialing  the  smoke  more  than  com()eniiate&  for 
this  flifference  in  conilnistion)  In  long-stemmed  pipes  much  of  the  nicotine  condenses 
before  reaching  the  mouth. 

Lee  found  that  in  non-smokers  the  first  effe<nt  of  smoking  a 
cigar  was  to  produce  a  rise  of  10-20  mm.  Hg  in  the  maximal  blood -pressure, 
which  was  often  antsociated  with  palpitation.  Within  five  minutes  after 
this  the  maxima!  blootl-pressure  fell  50  mm.  Hg,  and  this  fall  was  accom- 
panied by  pallor,  sweating,  weakness,  and  colicky  pains  in  the  abdomen,  as 
l^ell  as  by  the  appearance  of  muscie  volitantes,  irregularity  anti  weakness 
the  pulse, — or,  in  other  words,  the  symptom  complex  of  arterial  anasmia. 

In  more  habitual  smokers,  those  of  the  second  group,  a  single 
cigar  produced  only  the  rise  of  blood-pressure  and  palpitation.  The  subacute 
symptoms,  tberefoie,  come  on  only  as  the  result  of  excessive  indulgence. 

In  old  habitual  smokers  these  observers  found  either  no 
J. effect  whatever  or  only  a  shght  rise  of  pressure  resulting  from  a  strong 
igar,  without  any  of  the  disagreeable  symptoms. 

Lee's  observations  have  been  repeated  by  Bruce,  Miller,  and  Hooker, 
who  found  that  smoking  increases  the  maximal,  minimal,  and 
pulse-pressures  in  man,  though  later  these  return  to  normal.  The 
cardiac  output,  therefore,  seems  to  be  increased  at  first,  as  Lee  had  found 
in  cats.  Bruce,  Miller,  and  Hooker  also  found  that  the  volume  of 
the  hand  always  decreased  during  smoking  (vasoconstriction) , 
wherejis  Lee  found  that  the  volume  of  the  cat's  intestine  also  decreased. 
It  is  probable  that  a  little  later  there  occurs,  in  man,  a  dilatation  of  the 
abdominal  vessels,  but  it  is  not  yet  certain  that  it  does  so. 

The  chief  sufferers  from  tobacco  are  the  young  cigarette  smokers  who 
inhale  the  smoke  and  thus  soon  suffer  immediately  from  the  physiological 
effects  of  the  nicotine.  They  complain  of  weakness,  giddiness, 
intense  palpitation  and  tachycardia  (from  continued  stim- 
ulation of  the  cervical  ganglion  cells),  and  often  of  i  r  re  g  u  la  r  i  t  y  of 
the  heart,  which  may  be  very  distressing.  It  is  most  noticeable  that  the 
intense  sensory  disturbances  occur  without  any  motor  insufficiency  of 
the  heart.  Thus,  a  young  man  of  20  years,  an  habitual  inhaler  of  cigarette 
smoke,  recently  consulted  the  writer,  complaining  of  fatigue,  giddiness, 
musca?  volitantes,  intense  palpitation,  but,  on  further  questioning,  stated 
that  he  was  in  the  habit  of  running  a  quarter  of  a  mile  every  evening  for 
exercise,  and  after  this  exercise  he  had  neither  palpitation  nor  shortness 
of  bieath!    Needless  to  say,  he  improved  at  once  after  stopping  tobacco. 

On  the  other  hand,  all  sufferers  from  nicotine  are  not  free  from  motor 
symptoms  nor  do  they  recover  so  readily.  In  many  cases  the  nicotinism 
is  supplemented  by  the  use  of  alcohol,  and  secondary  myocardial  changes, 
and  in  the  older  persons  arteriosclerotic  changes,  have  been  superinduced. 

In  the  middle-aged  smokers  the  symptoms  are  chiefly  those  of  angina 
pectoris  and  precordial  pain.  Very  commonly  this  is  a  true  angina  of  coro- 
nary sclerosis,  but  there  is  a  certain  number  of  cases  in  which  the  unpleasant 
symptoms  completely  subside  upon  cessation  of  smoking. 
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It  would  be  a  very  fascinating  hypothesis  to  believe  that  in  such  cases  the  effect  ci 
smoking  is  to  produce  a  transitory  constriction  of  the  coronary  arteries  and  this  to  cause 
the  symptoms,  but,  on  the  contrary,  some  recent  experiments  upon  dogs,  done  imder  the 
writer's  direction  by  Dr.  George  Bond,  have  shown  that  the  flow  through  the  coronary 
veins  is  actually  increased  by  smoking.*  It  is  probable,  therefore,  that  in  early  tobacco 
poisoning  at  least,  the  sensory  symptoms  are  due  to  stimulation  of  the  cardiac  nerves  and 
not  to  ischsemia  of  the  myocardium.  The  commonness  and  insidiousness  of  coronary 
sclerosis,  however,  render  it  difficult  to  decide  in  any  individual  case  whether  the  effect 
is  entirely  functional  or  has  also  a  basis  in  arterial  changes. 

COFFEE  AND  TEA. 

The  palpitation,  tachycardia,  and  tremor  which  result  from  over- 
indulgence in  coffee  and  tea  are  familiar  to  most  persons  from  personal 
experience.  They  often  manifest  themselves  in  chronic  forms  and  cause 
cardioneurotic  symptoms.  Precordial  pain  and  tenderness  are  quite  com- 
mon. Foote  and  Simpson,  under  D.  R.  Hooker's  direction,  have  found 
that  when  a  person  accustomed  to  coffee  takes  a  cup  of  it  there  is  a  transi- 
tory rise  in  maximal  and  minimal  blood-pressure  and  a 
slight  vasoconstriction  of  the  hand.  In  persons  unaccustomed  to 
coffee  these  changes  are  much  more  intense.  Indeed  this  partial  immunity 
to  coffee  is  very  transitory,  for  the  writer  has  found  that  after  discontinuing 
its  use  for  several  months  a  single  cupful  would  give  rise  to  palpitation, 
tachycardia,  and  insomnia,  while  a  few  months  before  and  a  few  months 
later  two  cups  could  be  taken  at  a  time  without  producing  symptoms. 

Coffee,  like  tobacco,  gives  rise  to  sensory  cardiac  symptoms  by 
increasing  the  irritability  of  the  nerves  without  causing  any  motor  insuf- 
ficiency, and  consequently  the  patients,  as  a  rule,  do  not  show  muscular 
or  cardiac  fatigue  on  exertion  in  spite  of  the  symptoms. 

Tea. — Owing  to  its  content  of  caffeine,  tea  causes  the  same  symptoms 
as  coffee,  but  is  less  extensively  used  in  large  quantities.  In  England, 
however,  similar  cases  are  occasionally  reported. 

ALCOHOL. 

Palpitation  and  the  other  symptoms  of  "cardioneurotic"  (pseudo- 
cardiac)  weakness  also  occur  in  persons  who  take  alcohol  in  quantities 
that  are  just  in  excess  of  their  tolerance,  and  the  possibility  of  this  cause 
must  be  borne  in  mind.  In  some  individuals,  as  in  Reissner's  case,  palpi- 
tation and  irregularity  may  follow  the  ingestion  of  a  single  glass  of  wine, 
without  any  symptoms  of  intoxication  setting  in.  That  these  conditions 
may  continue  without  the  patient's  recognizing  the  cause  is  a  common 
experience,  and  a  considerable  number  of  cardioneurotic  cases  result  from 
this  unintentional  over-indulgence  in  alcohol.  Women  and  young  persons 
are  more  sensitive  than  men.  The  functional  power  and  endurance  of  the 
heart  muscle  is,  moreover,  weakened  by  alcohol;  and  acute  dilatation  may 
set  in  from  comparatively  slight  exertion.  If  the  use  of  alcohol  is  long 
continued,  it  may  lead  to  fatty  and  fibrinous  myocardial  change,  but  this 
in  mild  cases  subsides  when  the  cause  is  removed. 

'  Bond  registered  the  outflow  from  the  coronary  veins  by  the  drop  method. 
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SIMPLE   EMOTIONAL  CAEDIOJXEUROSES. 

As  has  been  seen,  by  far  the  greatest  number  of  so-called  eardioneurotic 
cases  are  of  postural,  reflex,  or  toxic  origin.  However,  it  still  remains 
beyond  question  that  emotional  disturbances  alone,  or  in  conjunction  with 
other  conditions  which  in  themselves  are  not  sufficiently  intense  to  pro- 
duce symptoms,  may  give  rise  to  eardioneurotic  symptoms.  Palpitation 
and  even  precordial  pain  are  almost  universal  after  severe  emotional 
disturbances  and  shocks  and  during  periods  of  worry. 

The  motor  effects  are  usually  shown  by  tachycardia,  though  occa- 
sionally arrhythmias  may  occur.  This  the  writer  has  observed- upon  him- 
self on  an  occasion  of  intense  emotion,  during  which  the  pulse  became 
extremely  rapid  and  seemed  either  to  drop  an  occasional  beat  or  to  give 
rise  to  an  extrasystole.  When  the  cause  of  the  worry  was  removed,  within 
five  minutes  the  pulse  again  became  regular,  so  that  the  arrhythmia  could 
not  be  accurately  studied  nor  has  it  recurred  at  any  other  time  during  the 
four  years  that  have  elapsed. 

Similar  cases  are  found  in  the  literature  (Reissner).  In  rare  cases  an 
emotional  shock  may  cause  death,  even  when  the  heart  is  otherwise  healthy 
(Gibson),  but  the  nervous  mechanism  by  which  this  is  brought  about  is 
not  clearly  understood.  It  is  probably  a  condition  of  exaggerated  vaso- 
motor shock  arising  in  response  to  a  cortical  stimulus,  just  as  it  may 
result  from  over-stimulation  of  a  peripheral  nerve.  In  most  cases  of 
the  sort,  however,  the  heart  and  especially  the  coronary  arteries  are 
already  diseased '  (see  page  369). 
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Abdominal  uorta,  ftneuriam  of,  636 
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abseace  of  symptoms  from  intra- 
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pericardial  adJit^ions,  610 

^H       Abscess  of  hcart-musrle,  316 

anginal  attacks  in,  380 
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pseudocirrhosis  of  liver  in,  6iy 
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^H             asthma  due  io,  710 

classification  of,  99 

^B            cardiac  disturbances  due  to,  709 
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AUorrhythmias,  occurrence  of,  101 
production  of,  101 
reflex,  98 

from  nose,  101 

from  stimulation  of  gastric  walle^ 
101 
Amyl  nitrite,  action  of,  in  man,  269 

administration  in  angina  pectoris,  394 

in  ODdema  of  the  lungs,  219 
aortic  inauflRciency,  479 
Anacrotic  pulse,  68 
Anaimia  in  cardiac  overstrain,  201 

in  endocarditis,  416 
Anastomosis    of    blood    vecsels    in    the 
treatment  of  thromboangitis  obUterans, 
377 
Anatomical  terms,  synonymous,  xxvu 
Aneurism,  631 

age  of  occurrence,  633 

angina  pectoris  in,  389 

blood-pressure  in,  644 

brassy  cough  in,  640  , 

characteristics  at  various  sites,  647 

clawification  of,  631 

delay  of  pulse  wave  in,  644 

development  of,  637 

diagnosis  of,  656 

differentiation  from  tortuous  arteries, 

656 
dilatation  of  pupils  in,  643 
dissecting,  657 

pathology  and  pathogenesis,  657 
symptoms  and  signs,  658 
dulness  over,  642 
dysphagia  in,  641 
electrolysis  in  (Moore-Corradi  method), 

652 
embolic,  636 
erosion  from,  637 
etiology,  632,  636 
experimental,  635 
experimental  production  of,  671 
experimental  surgery  of,  671 
frequency  of,  in  women,  633 
inequaUty  of  pulse  in,  644 
ligature  of,  method  of  Antyllus,  668 
method  of  Brasdor,  669 
method  of  Hunter,  668 
low  diet  (TufneU's)  in,  661  . 
mesarteritis  in,  635 
multiple,  633 
murmur  in,  641 
mycotic,  636 
of  abdominal  aorta,  660 
pain  in,  660 
paralysis  in,  661 
rupture  of,  661 
tumor  in,  660 
of  the  heart,  324,  647 
of  the  pulmonary  artery,  659 

signs  of,  659 
pain  in,  641 
pulsations  in.  642,  643 
r6Ie  of  syphilis  in,  632 
rupture  of,  637,  639 
shock  in,  641 
sites  of,  632 


Aneurism,  spontaneous  clotting  in,  639 

sutiocation  in,  640,  641 

symptoms  of,  640 

tracheal 'percussion  shock  in,  643 

tracheal  tug  m,  643 

treatment  by  compression,  668 

by  obliteration  of  sac  (Matas),  670 
by  occlusion  with  metal  bands,  669 
use  of  calcium  chloride  in,  662 
use  of  gelatin  in,  662 
use  of  potaasium  iodide  for,  662 
venesection  in,  661 
wiring  of  (Moore's),  662 
X-ray  examination  in^  646 
Angeioneuroses,  372 

treatment  of,  376 
Angina  pectoris,  382 


and  palpitation,  384 
diagnosis  of,  392 


diet  in,  395 

differentiation     from     abdominal 

disease,  393 
due  to  coronaiy  sclerosis,  386 
from  tobacco,  391,  711 
Heberden's  description  of,  382 
hysterical,  390 
importance  of  diet  in,  395 
in  acute  dilatation,  388 
in  aneurism,  389,  641 
in  children,  389 
in  hyperthyroidism,  391 
in  valvular  diseases,  388 
referred  pains  in,  385 
sudden  death  in,  386 
^mptoms  of,  382 
theobromine  in  treatment  of,  266. 

394 
treatment  of,  266,  393 
varieties  of,  386,  390 
vasomotor,  389 
Anginal  pain,  theories  as  to  causation  of,  387 
Antagonistic  muscles,  contraction  of,  201 
Aorta,  dextroversion  (Rechtalage)  of,  537 
hypoplasia  of,  559 
stenosis  of  isthmus,  557 

adult  type,  558 
signs  of,  559 
treatment  of.  559 
type  of  new-Dom,  557 
Aorta?,  primitive,  526 
Aortic  area,  168 

disease  in  pregnancy,  521 
fades,  469 
insufficiency,  462 

amount  of  blood  regurgitating,  465 
and  mitral  stenosis,  differentiation 

between,  452 
asthma  from  lesion  of  nasal  septum 

in.  710 
blood-pressure  in,  40,  467,  474 
cardiac  impulse  in,  469 
cardiac  outline  in,  470 
Che3me-Stokes  respiration  in,  468 
diagnosis  of,  478 
diastolic  murmur  in,  471 
double  murmur  (Durozies's)  over 
the  arteries  in,  472 
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Aortio    ibsufficiency,   Tlint's    presystolic 
rumble.  473 

functional,  462,  464 

hallucinations  in,  468 

historical,  462 

mitral  insufficiency  in,  479 

organic,  462 

patholofjical  physiology  of,  464 

precordial  pam  in,  468 

presystolic  thrill  in,  469 

prognosis,  478 

propagation  of  murmurs  in,  472 

pulmonary  circulation  in,  467 

pulse  in,  474 

pulse-rate  in,  467,  476 

relation  of  collapsing  pulse  to 
blood-pressure,  regurgitation, 
and  resistance,  475 

rupture  of  valves,  463 

sclerosis  of  aortic  valves,  463 

symptoms,  468 

treatment,  478 

of  anginal  attacks  in,  481 

use  of  digitalis  and  strophanthus, 
479 

venesection  in,  480 

X-ray  shadow  in,  470 
sclerosis,  461 
stenosis,  483 

anacrotic  pulse  in,  488 

arrhythmia  in,  489 

atheromatous,  483 

auscultation,  486 

blood-pressure  in,  489 

cardiac  outline  in,  486 

congenital,  556 

endocarditic,  483 

etiok>gy  of,  484 

extrasjrstoles  in,  489 

failing  compensation  in,  485 

intraventricular  pressure  in,  485 

occurrence  of,  484 

palpation,  486 

pathological  anatomy,  483 

percussion,  486 

pulsus  tardus  in,  484,  487 

nrmptoms  of,  485 

ULriU  and  murmur  in,  486 

treatment  of,  490 

with  aortic  insufficiency,  484 

X-ray  examination  in,  486 
Aortitis,  361 
acute,  345 
tuberculous,  352 
Apex  beat,  mechanics  of,  153 

method  of  recording,  153 

"mixed  type,."  155 

time  of,  153 
in  aortic  insufficiency,  469 

mitral  insufficiency,  428 
Apnoea,  derivation  of,  in  cardiac  and  pul- 
monary diseases,  219 
Apoplexy,  blood-pressure  in,  40 
Arches,  visceral  (oranchial),  527 
Arrh3rthmia,  98 
absolute,  118 
differential  diagnosis  of,  120,  134 


Arrhythmia,  e£fect  of  digitalis  in,  123 

effect  of,  on  circulation,  127 

extrasystolic,  126 

from  emotional  excitement,  713 

from  lesions  of  nasal  septum,  709 

in  increased  intracranial  tension,  102 

in  myocarditis,  327 

in  tncuspid  insufficiency,  504 

of  psychic  origin,  102 

permanent,  electrocardiogram  in,  121 

respiratory,  102 

sinus,  98,  134 

vicious  circle  of,  123 

youthful  type,  101 
Arterial  pulse,  63 

tension,  25 
Arteries,   changes  in,  in  congenital  heart 
disease,  538 

normal  changes  in,  339 

sounds  in,  1^ 

strength  of  walls  of,  633 

tortuous,  resembling  aneurism,  656 
Arterionecrosis,  experimental,  from  adrena^ 
hn,  355 
from  tobacco,  354 
from  toxins,  354 
in  animals,  354 
Arteriosclerosis,  339 

and  hypertension,  45 

blood  count  in,  361 

blood-pressure  in,  40,  359,  360 

clinical  manifestation  of,  357 

diet  in,  362,  363 

etiology  of,  352 

experimental,  355 

following  infectious  diseases,  352 

hypercholesteriiuemia,  355 

in  children,  356 

in  hypothyroidism,  675 

intermittent  claudication  from,  357 

nervous  symptoms  from,  357 

nitrites  in,  364 

of  abdominal  aorta.  358 

of  abdominal  vessels,  356 

of  retinal  vessels,  358 

potassium  iodide  in,  364 

pulse  in,  359 

r61e  of  salt  in,  356 

salvarsan  in,  364 

second  heart  sound  in,  361 

syphilitic,  353 

theories  of,  339,  355 

treatment,  362 

use  of  warm  water  in,  363 

venesection  in,  364 

X-ray  examination,  358 
Arteriosclerotic  changes  in  vasa  vasorum, 
340 

lesions,  classifications  of,  342 
distribution  of,  356 
Arteritis,  acute,  345 

tuberculous,  352 
Artery,  compression  of,  sources  of  error  in,  28 
Ascites,  223 

in  adherent  pericardium,  613 
Asphyxia,  effocts  of,  38 
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Aapiration  of  hydrothorax,  dangers  in,  224 
technic  of,  224  (see  also  Para- 
centesis) 
Astasia  abasia  in  Basedow's  disease,  685 
Asthma,  cardiac,  217 

from  lesions  of  nasal  septum,  710 
Atrioventricular  bundle   (see  Auriculoven- 

tricular  bundle) 
Atrophv  of  the  heart,  301 

and  cardiosclerosis,  306 
Atropin,  261 

Atropine,  effect  of,  in  heart-block,  571 
effect  of,  on  changes  in  tonus,  17 
effect  of,  on  extrasystoles,  114 
test  in  heart-block,  580 
use  of.  in  pulmonary  cedema,  219 
Auricle,  fibrillation  of  in  mitral  stenosis,  457 

mitral  stenosis  in  paralysis  of,  444 
Auricular  fibrillation,  118 

arrhythmia  in,  123,208 
cardiac  overstrain  in,  208 
venous  pulse  in,  79 
flutter,  124,  127 

chnical  picture,  131 
dia^osis  of,  101 
paralysis,  venous  pulse  in,  79 
in  mitral  stenosis,  444 
Auriculoventricular  bundle,  anatomy  of,  568 
clamping  of,  569 
lesions  of,  in  Adams-Stokes  disease, 

576 
physiology  of,  568 
valves,  transmission  of  murmurs  from, 
177 
Auscultation,  162 

in  suprasternal  notch,  168 
methods  of,  166 
of  the  veins,  72 
throu^  the  stomach  tube,  170 
Azygos  vem,  r61e  in  hydrothorax,  224 

Bacterial  vaccines  in  treatment  of  endo- 
carditis, 410 
Basedow's  disease,  674,  676 
acute,  688 

anginal  attacks  in,  687 
arrhythmia  in,  684 
astasia  abasia  in,  685 
blood  count  in,  683 
blood -pressure  in,  41,  684 
calcium  salts  in,  689 
diagnosis  of,  686 

in  "formes  frustes,"  687 
etiological  factors,  680 
eye  signs,  684 

Dalrymple.  684 

Mubius,  684 

V.  Graefe,  684 

V.  Stellwag,  684 
force  of  heart  in,  683 
galvanization   of  cervical  sympa- 
thetic, 689 
Joffroy's  sign  of,  682 
loss  of  weight  in,  685 
metabolism,  682 
mortality  in,  688 
psychic  symptoms,  683 
psychotherapy  in,  689 


Basedow's  disease,  relation  to  hysteria,  680 
secondary  to  adenoids,  686 
specific  sera  in,  689 
spontaneous  recovery  in,  688 
sympathectomy  for  (Jonnesco),  691 
sympathicotome  in,  680 
symptoms  and  signs  of,  681 
tachycardia  in,  683 
thyroidectomy  for,  690 

indications  for,  690 
results  of,  690 
treatment  of,  688 
tremor  in,  685 

triad  and  tetrad  of  symptoms,  681 
wet  packs  in,  689 
X-ray  treatment  of,  689 
Bath  treatmmt,  advisability  of,  289 
Baths,  electric,  288 
mud,  288 
Nauheim,  artificial,  286 

natural,  286 
peat,  288 

physiological  action  of,  286 
precautions  of,  286,  287 
Bathycardia,  704 
Beer  in  cardiac  disease,  236 
Belts,  effect  of,  in  producing  cardiac  over- 
strain, 203 
Bicycle  ridins,  effect  of,  on  heart,  201 
Bigeminal  piilse,  114 

causes  of,  117 
Bigeminus,  112 
fuU,  112 
shortened,  112 
Bleedings  in  congenital  heart  disease,  541 
Blood  count  in  congenital  heart  disease,  545 
flow  through  muscles  duringexercise,  197 
inarm,  determination  of  velocity,  36 
plasma,  volume,  determination,  61 
residual,  15 
viscosity  of,  59 

apparatus  chnical  determination,  59 
factors  influencing,  60 
Blood-pre8sui«,  25,  209 

apparatus,  Erlanger's  with  Hirsch- 
f  elder 's  polygraph  attachment,  74 
apparatus,  forms  of,  30 
changes  in  anginal  attack,  386 
in  exercises  of  speed,  198 
determination      of,      auscultator 
method  for,  33 
of  maximal,  28 
of  minimal,  28 
Erlanger,  28 
Janeway,  33 
Masing,  29 
Sahli.  30 
Strasburger,  32 
oscillatory  method,  33 
palpatory  method,  32 
effect  of  digitalis  on,  251 
effect  of  exercises  of  strain  on,  200 
end  pressure,  25 
in  aortic  insufficiency,  467 
in  Basedow's  disease,  41,  68^. 
in  chronic  nephritis,  42 
in  different  parts  of  the  vascular 
system,  34 
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Blood-pressure  in  normal  individuals,  33 

in  paroxysmal  tachycardia,  125, 129 

in  various  diseases,  39 

lateral  pressure,  25 

ma?dmal,«26 

minimal,  26 

normal,  33 

physiological  factors  influencing,  35 

variations  in,  under  pathological 
conditions,  38 

variations  in,  under  physiological 
conditions,  37 

venous,  50 
Blowing  diastolic  murmur  in  mitral  stenosis, 

450 
Blue  babies,  541 
Bradycardia,  69 

in  Adams-Stokes  disease,  565,  581 
Brain  tumors,  blood-pressure  in,  40 
Brandy  in  cardiac  disease,  236 
Brauer  chamber  in  operations  on  heart,  627 
Breath-holding  test,  218 
Breathing,  Cheyne;^tokes,  220 
Broken  compensation  as  indication  for  in- 
ducing labor,  519 

blood-pressure  in,  42 

functional  valvular  insufficiencies 
in,  207 

pseudo-elephantiasis  in,  222 

pulmonary,  207 

systemic,  206 

venous  pressure  in,  209 
Broken  pulmonary  compensation  in  mitral 

insufficiency,  426 
Bronchitis  in  mitrcl  insufficiency,  433,  436 

Cachexia,  blood-pressure  in,  50 
Caffeine,  265 

in  angina  pectoris,  394 
in  cup  of  coffee,  237 
Calcification  in  arteriosclerosis,  341 
of  thQ  intifna,  344 
pathogen^is  of,  341 
Calcium  chloride  for  aneurism,  662 
salts  as  cardiac  tonics^  265 

effect  of.  on  cardiac  contraction,  2 
in  Basedow's  disease,  689 
Calomel,  238 
Camphor,  264 
Canalis  auricularis,  527 
Capillaries,  changes  in,  in  congenital  heart 
disease,  538 
determination  of  the  pressure  in,  51 
malformation   of,   in   congenital  heart 
disease,  539 
Capillary  pulse  in  aortic  insufficiency,  469 
Carbon  dioxide,  effects  of,  38 
use  of,  for  anginal  pain,  241 
use  of,  in  cardiac  dyspnwa,  241 
Cardiac  and  adrenal  hj-pertrophy,  296 
area,  diameter  of,  159 
asthma,  217 

from  coronary  sclerosis,  381 
from  nasal  disease,  218 
in  aortic  insufficiency,  468 
chambers,  coordination  of,  9 


Cardiac  cicatrices,  324 

dilatation,  mountain  sickness  as  cause 
of,  194 
recovery  from,  195 
transitory,  194 

fright  as  cause  of,  194 
disease,  accumulation  of  fluid  in,  222 
renal  changes  in,  224 
symptoms  of,  215 
diseases,  acute,  blood-pressure  in,  50 
disturbances  due  to  myoma,  708 
due  to  sexual  disorders,  707 
in  females,  707 
in  males,  707 
from  lesions  of  nasal  septum,  709 
from  masturbation,  707 
reflex,  705 

air-swallowing  in,  705 
associated  symptoms,  705 
^tro-intestinal,  705 
relation  to  menstrual  flow,  708 
sexual,  treatment  of,  709 
dulness  area  in  children,  160 

relative,  157 
dyspnoea,  morphine  end  strychnine  in, 

217 
efficiency,  functicn^l  tests  of,  209 
facies,  228 

failure  with  a  smell  heart,  209 
flatness,  160 

absence  of,  100 

fixation  of  area   of,   in   adherent 

pericardium,  615 
pear-shaped,   in  pericarditis  with 

effusion,  600 
variations  in,  160 
impulse,  153 
course  of,  5 

in  aortic  insufficiency,  469 
mechanics  of,  153 
movements  in,  154 
origin  of,  5 

protodinstolic  wavelet  on,  154 
niuscle,  tonicity  of,  13 
nerves,  action  of,  17 

effect  of  exercise  on,  20 
excision  of,  20 
tonic  action  of,  17 
neurasthenia,  694 
neuroses,  694 

arrhythmia  in,  694 
classification  of,  696 
sexual,  707 
sjTnptoms  of,  694 
venous  pressure,  694 
overstrain,  anosmia  in,  192 

as  cause  of  Adams-Stokes  disease, 

581 
auricular  fibrillation  and  arrhyth- 
mia in,  208 
cases  of,  189 
chlorosis  in,  192 
diagnosis  of,  195 
dilatation  of  heart  in,  193 
extra  systoles  in,  194 
mountain  climbing  as  cause  of,  194 
precordial  pain  in,  192 
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Cardiac  overstrain,  primary,  189 
etiology  of,  192 
sexual  excess  as  cause  of,  192 
tight  belts  as  cause  of,  192 
plexus,  20 

rhytlun,  alterations  in,  98 
sbiadow,  145 

as  an  index  of  cardiac  volume,  17 
tonicity,    ef/ect   of,  on  regiurgitation, 

465 
tonus  in  functional   insufficiencv,  423 
volume,  cardiac  shadow  as  an  index  of, 
17 
Cardiohepatic  angle  (Ebstein's)  in  pericar- 
dial effusion,  599 
Cardiolysis  for  relief  of  adherent  pericar- 
dium, 620 
Cardiometer,  11 
Cardiopathia  thyreoprica  (hypothjrroidism), 

675 
Cardioptosis,  697 
Cardiosclerosis,  325 

and  atrophy,  306 
Cardiosphvgmograph,  74 
Cerebral  thrombosis,  blood-pressure  in,  40 
Chest,   flat,  in   congenital  heart  disease, 

544 
Cheyne-Stokes  breathing,  220 
from  acapnia,  221 
treatment  of,  221 
types  of,  221 
Chlorosis  in  cardiac  overstrain,  192 
Choc  en  dome.  469 
Cholera,  blood-pressure  in,  50 
Chronic  h3rper tension,  42 

hypertrophy  of  the  heart,  blood -press- 
ure in,  40 
Circulation  in  foetus,  mechanics  of,  531 
mechanism  of,  34 
pulmonary,  51 
Claudication,  mtermittentj  371 
Clubbed  fingers  in  congemtal  heart  disease, 

543 
Coffee,  effect  of,  712 

prohibition  of,  237 
Coitus,  avoidance  of,  in  cardiac  disease,  521 
Cold  applications  over  the  heart,  232 
Collapse,  blood-pres-sure  in,  50 

hjT>otension  in,  60 
Collapsing  pulse,  68 

in  f.ortic  insufficiency.  475 
in  arteriosclerosis,  360 
Compensation,  broken,  hydrsemia  in,  60 
nrokcn  pulmonic,  200 
broken  systemic,  206 
symptoms  of  broken,  206 
Compression  of  the  artery,  sources  of  error 

in,  28 
Concato's  arch  in  pericarditis  with  effusion, 

600 
Concretio  pericardii  cum  corde,  610 
Connective-tissue     proliferation,     interfas- 
cicular, 324 
Constipation,  effect  on  heart.  706 
Con.strietinR  the   femoral   arteries,   rise   of 
blood-preasure  on,  210 


Constriction,  effect  of,  in  producing  cardiac 

overstrain,  202 
Contractility,  diminished,  in  pulsus  alter- 

nans,  106 
Contractions  of  heart,  maximal,  5 
Conus  arteriosus,  dilated,  in  mitral  stenosis, 

446 
Convidsions  in  congenital  heart  disease,  541 
Coordination  of  the  cardiac  chambers,  9 
Cor  biatriatum  triloculare,  518 
Coronary  arteries,  distribution  of,  378 
ligation  of,  378 
sclerosis  of,  379 
vasomotor  nerves  in.  379 
circulation,  physiology  ol.  378 
sclerosis  in  patients  with  paroxysmal 
tachycardia,  381 
symptoms  of,  380 
"Corset  heart,"  701 

Corsets,  effect  of,  in  producing  cardiac  over- 
strain, 202 
Cough,  221 

(brassy,  stenotic,  paretic)  in  aneurism, 
640 
Cyanosis,  blood-pressure  in,  42 

in  congenital  heart  disease,  theories  of, 

542 
in  pulmonary  stenosis,  541 
in  tricuspid  stenosis,  510 

Dalrymple's  sign  in  Basedow's  dise&se,  684 
Death  from  labor,  cause  end  frequency  of, 
516 

from  sudden  emotion,  713 
Degeneration,  calcareous,  314 

hyaline,  314 

parenchymatous,  314 

waxy,  314 
Delusions,  228 

from  digitalis  poisoning,  229 

typical,  228 
Determination  of  the  blood-pressure,  aus- 
cultatory method  for,  33 
Dextrocardia    (dexiocardia),    electrocardio- 
gram in,  561 

relation  to  transpositions  in  embrj-o,  660 
Dextroversion  of  the  aorta,  537 
Diaphragnri,  high,  704 

high,  in  fat  persons,  704 
Diarrhoea,  blood-pressure  in,  50 
Diastasis  and  diastole,  11 
Diastole  and  diastasis,  11 

position  of  the  valves  in,  12 
Diastolic     closure    of     auriculoventricular 

valves,  12,  79 
Dicrotic  notch,  time  of,  in  cardiac  cyele,  78 

pulse,  69 

wave,  66 

of  pulse,  66 
Diet,  235 

effect  of,  on  viscosity,  60 

in  cardiac  disease,  235 

Karell's,  236 

lacto-vegetarian,  236 

limited  milk,  236 

restricted  liouids  (Karell),  236 

restrietion  of  salts.  236 
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Digalen,  240 

Digestive  disturbances,  227 

Digipuratum,  259 

toxic  affects,  259 
Digitalis.  245.  262 
action  of,  248 

on  coronary  arteries,  249 
stage  of  incoordination,  260 
stage  of  irregularity,  249 
therapeutic  doses,  248 
administration  in  fresh  mitral  endo- 
carditis, 436 
and  nitrites,  260,  479 
and    strophanthus    in    aortic    insufii- 

ciency,  479 
arrhythmia  and  heart-block  caiised  by, 

249 
contraindication  to,  261 
derivatives  of,  259 
drugs  of  series,  246,  247 
on  normal  heart,  248 
on  the  blood-pressure,  251 
on  tonicity,  252 
electrocardiogram,  effect  on,  251 
flavoring  of,  257 
hallucinations  from,  262 
in  arrhythmia,  123,  255 
in  auricular  fibrillation,  123,  332 
in  heart-block,  585 
in  second  stage  of  mitral  insutFciency, 

437 
intramuscular  administration,  258 
intravenous  administration,  258 
in  weakened  hearts,  255 
methods  of  adnMnistration,  257 
period  of  administration,  258 
poisoning,  delusions  from,  229 
preparations  of,  246 

choice  of,  257 
rectal  administration  of,  258 
standardization  of,  246 
weakness  of  ventricle  due  to,  123 
Digitoxin,  246 

Dilatation  of  the  heart,  acute,  acgina  pec- 
toris in,  388 
acute,  pain  due  to,  387 
from  constriction,  202 
in  cardiac  overstrain,  193 
in  myocarditis,  317 
physiological  factors  bringing 

about,  203 
transitory,  194 
Diphtheria  as  cause  of  endocarditis,  402 

blood-pressure  in,  48 
Diplococcus  rheumaticus,  400 
Displacement  of  the  heart,  696 
Drugs,  mode  of  action  on  circulation,  245 
Duct  of  Cuvier,  526 

Ductus  arteriosus  (Botalli),  closure  of,  653 
factors  causing  persistence  of, 

553 
open,  538 
patent,  552 

diagnosis  of,  556 
murmur  in,  554 
pathofrenesis  of,  552 


Ductus  arteriosus  (Botalli),  patent,  pulsus 
paradoxus  in,  555 
respiratory     interchange 

in,  556 
signs  of,  654 
symptoms  of,  554 
treatment  of,  556 
X-ray  shadow  in,  554 
rdle  in  fatus,  632 
venosus,  atrophy  of,  532 
Duroziez's  double  murmur  over  the  arteries 

in  aortic  insufficiency,  472 
Dysentery,  blood-pressure  in,  50 
Dyspnoea,  216 

in  congenital  heart  disease,  541 
mechanical  changes  in  circulation,  216 

fibstein's  cardiohepatic  angle  in  peric&'-dial 

effusion,  599 
Ectopia  cordis,  533 
Ekitopic  impulses,  112 
Efferent  impulses,  17 
Effusion  in  pericarditis,  697  3 

Electricity,  239 

in  treatment  of  angina  pectoris,  $05 
Electrocardiogram,  81 

cause  of  waves  upon,  90 

form  of,  89 

in  auricular  fibrillation,  121 

in  extrasvstoles,  113 

in  heart-block,  577 

in  hypertrophy  of  left  ventricle.  94 

in  hypertrophy  of  right  ventricle,  94 

in  paroxysmal  tachycardia,  126 

in  situs  transversus,  562 
Electrocardiograph,  81,  138 

installation  of,  84 
Embolism  in  mitral  stenosis,  456 

in  patent  foramen  ovale,  552 

pulmonary,  220 
Embryocardia,  170 

in  paroxysmal  tachycardia,  130 
Emotion,  arrhythmia  from,  713 

effect  of,  on  the  heart,  713 
Emptying  of  the  heart,  10 
Endarteritis,  345,  352 
Endocarditic  vegetations,  bacterial  origin, 
398 
development  of,  3f  8 
Endocarditis,  398 

ana?mia  in,  416 

cerebral  embolism  in,  407 
type,  407 

choked  disk  in,  407 

chronic.  399,  405 
infective,  408 

cocci  (streptococcus  viridens)  in,  408 

complications  of,  414 

differential  diagnosis  of,  4C8 

digitalis  in,  415 

due  to  pyogenic  cocci,  401 

effect  on  circulation,  403 

from  miscellaneous  infections,  402 

gonorrhccal,  402 

influenzal,  402 

involvement  of  valves,  41 1 
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Endocarditis,  jaundice  in,  406 
malignant,  404,  405 
complications,  405 

brain  symptoms,  405 
embolic  aneurisms,  405 
enlarged  spleen,  405 
hsematuria,  405 
heart  failure,  405 
petechias,  405 
retinal  hemorrhages,  405 
treatment,  409 
frequency  of,  405 
valves  involved  in,  405 
microbes  producing,  400 
mural,  399 

palliative  treatment  of  tonsils  in,  417 
patnological  physiology  of,  403 
pathology  of,  399 
pneumococcic,  402 
prophylaxis,  416 
reinfection,  414 
retinal  hemonhages,  407 
rheumatic,  400,  4i0 
septicsemic,  406 
simple  acute,  404,  410 

compensation  in,  414 
course  of,  412 
pathology  of,  412 
signs,  413 
symptoms  of,  412 
statistics  of,  410 
subacute,  410 
syphiUs  in,  403 
treatment  of,  415 
typhoidal  type,  407 
ulcerative,  399 
Endocardium,  atheroma  of,  403 

pockets  of,  in  aortic  insufficiency,  537 
Endothelial  cells  in  sputum,  222 
Endurance,  exercises  of,  199 
Energy,  waste  of,  in  fatigue,  199 
Enteroptosis  (see  Splanchnoptosis) 
Epilepsy,  blood-pressure  in,  40 
Epinephrin,  267 
Ergot,  268 

Ergotism,   resemblance  to  Raynaud's  dis- 
ease, 373 
Erosion  of  bone  by  aneurism,  637 
Erythromelulgia,  372 
Erythromelia^  375 
Exercise,  choice  of,  284 

effect  of,  on  blood-pressure.  38 
Schott,  281 

systems  of,  in  thprapeutics,  279 
test  of  cardiac  function,  210 
Exercises,  effect  of,  on  size  of  heart,  201 
of  endurance,  199 

circulation  in,  199 
mechanics  of,  197 
of  speed,  mechanics  of,  197 
of  strain,  200 

effect  on  blood-pressure,  200 
mechanics  of,  279 
Exophthalmic  goitre  (see  Bnsedow's  disease) 
Exophthalmos  from  stimulation  of  sympa- 
thetic, 684 


Extrasystoles,  107,  130,  135 
auricular,  IL2,  13d 
auriculo  (atiio;  ventricular,  114,  136 
auriculo ventricular,  lesions  in,  110 
diagnosis  of,  123 
efiect  of  at:  opine  on,  114 
electrocardiogram  in,  112 
experimental  production  of,  113 
heart  sounds  m,  114 
in  cardiac  oveistrain,  194 
in  myocarditis,  328 
ineffectual,  114 
neurogenic,  108 
palpitation  with,  113 
prognosis,  116 
treatment,  116 
stimuli  causing,  113 
venous  pulse  in,  112 
ventricular,  109,  136 

Face,  oedema  of,  222 
Facies,  aortic,  152 
abdominal,  228 
cardiac,  152,  228 
mitral,  152 
Fatigue,  effect  of,  on  energy  used  up,  199 
Fats,  diminished  absorption  of,  227 
Fatty  degeneration  of  the  heart,  304,  309 
etiology,  311 
nature  of,  310 

pathological  anatomy  of,  309 
prognosis,  312 
rupture  of  the  heart  in,  31 1 
strength  of  heart  with,  311 
symptoms  and  signs  of,  312 
treatment,  312 
of  the  intima,  344 
infiltration  of  the  heart,  304,  305 

cardiac  conditions  associated 

with,  306 
etiologj',  307 

nature  of  the  fatty  deix)sit,  305 
physical  signs  of,  307 
treatment  of,  307 
Fetal  heart  sounds,  graphic  record  of,  170 
Fevers,  acapnia  in,  49 
Filling  of  the  heart,  10 

of  the  ventricles,  11 
First  sound  at  aorta,  165 
cause  of,  165 
character  of,  165 
duration  of,  1G6 
in  suprasternal  notcli.  160 
redupHeated,  170,  171 
Fluid  in  cardiac  diseases,  r.cir.niulation  of, 

222 
Fluoroscopp.  144 

diagnosis  by,  147 
Fcctus,  circulation  in,  531 
Football  playing,  effect  of,  on  heart,  201 
Foramen  ovale,  development  of,  529 

effect  of  patency  on  circulation,  551 
open   r^'SS 
patent,  550 

crossed  embolism  in,  552 
occurrence  and  pathogenesis, 
550 
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Foramen  Ovale,  patent,  paroxysmal  cyanosis 
m,  552 
signs  of  patency,  552 
symptoms  of  {latency,  551 
treatment  of,  552 
vicious  circle  in,  540 
Formative  stimulus  in  arteriosclerosis,  339, 

342 
Fragmentation  of  muscle  fibres,  315 
Friction  in  pericarditis,  594 

pleuropericardial,  594 
Functional  mitral  insufnciency,  421 
testa  of  cardiac  efficiency,  209 

ofcardiecin8ufIiciency,valueof,211 
relation  of,  to  mode  of  life,  211 

Gallop  rhythm,  presystolic,  171,  172 

piotodiastolic,  171,  173 
Galvanometer,  string,  85 

tluead,  8J 
Gastric  fertaent  cction,  705 
Gonococci:s  ls  ca^se  of  endocarditis,  402 
Graefe's  sign  in  Basedow's  disease,  684 
Graves's  disease  (see  Basedow's  disease) 
Gymnastics,  279 

fundamental  principles  of,  279 

Hsematuria,  205 
Hsmopericardium,  603 

from  cardiac  tumors,  336 
Haemoptysis  from  pulmonary  stasis,  220 

in  pulmonarj-  msufficiency,  494 
Hallucinations,  229 

in  adherent  pericardium,  613 
Headaches  in  congenital  heart  disease,  541 
Heart,  changes  in  position  of,  161 
changes  in  size  of,  161 
development  of,  early  stages,  525 
dilatation  of,  from  constriction,  202 
diminution  in  size  of,  in  exercise,  201 
disease  and  matrimony,  523 
congenital,  525 

blood  count  in,  545 
etiological  groupings,  534 
flat  chest  in,  544 
groups  of  lesions  in.  533 
syndrome  of,  534 
eflfects  of  labor  pains  in,  516 
displacement  of,  696 

effect  on  circulation,  697 
emptying  of,  10 

endothelial  tube  in  embryo,  526 
failure,  mechanism  of,  205 
urine  in  chronic,  225 
filling  of,  10 
high,  705 

effect  on  circulation,  705 
treatment  of.  705 
xiphisternal  line  with,  705 
insensibility  of,  384,  625 
lesions,  congenital,  classification  of,  533 
low,  697,  704 

signs  of,  704 
metastatic  involvement  of,  336 
mobility  of,  in  cardioptosis,  697 
muscle,  properties  of,  1 

structure  of.  1 
muscular  tube  in  embryo,  526 


Heart,  non-perforating  injuries  of,  628 
normal  mobility,  697 
nourishment  ol,  379 
relaxation  of,  13 
sensory  symptoms  about,  225 
small,  in  cardiac  failure,  209 
sound,  first,  redupUcation  of,  in  adhe- 
rent pericardium,  616 
second  aortic,  in  arteriosclerosis, 

361 
second,   in    mitral    insufficiency, 

432 
third,  causation  of,  173 

in  adherent  pericardium,  614 
sounds,  accessory,  170 
causes  of,  165 
clinical  diagram  for,  165 
digital  imitation  of,  182 
graphic  record  of,  162 
reduplicated,  170,  171 
reproduction  of,  164 
split,  171 
three-chambered,  538 
tuberculosis  of,  334 
timiors  of,  335 
work  of,  36 
wounds  of,  623 

cause  of  death  from,  624 
experimental  surgery  of,  623 
hemorrha^  in,  627 
murmurs  m,  625 
operative  treatment  of,  625 
spontaneous  recover^'  in,  623 
suture  of,  626 
symptoms  of,  625 
A-ray  examination  of,  625 
Heart^beat,  origin  of,  2 
rdle  of  salts  in,  2 
theories  of,  4 
Heart-block    (see   also   Adams-Stokes   dis- 
ease), 104,  565,  567 
asphyTual,  572 
auriculoventricular,  104 
complete,  105,  571 
efi'ect  of  atropine  on,  571,  580 
effect  of  vagus  on,  571 
extrasystoles  simulating,  584 
factors  affecting  degree  of,  569 
stoppage  of  ventricles.  570 
from    cutting   interauricular    sep- 
tum, 566 
functional,  104 
in  infectious  diseases,  580 
interventricular,  105 
in  tortoise,  507 
irregular  rhythm  in,  573 
organic,  104 
partiaL  105,  571 

effect  of  heart  rate  in,  571 
from  digitalis,  585 
relation    to    Adams-Stokes    syn- 
drome, 573 
rAle  of  vagus  in,  560 
sino-auricular,  105 
treatment  of,  685 
with  auricular  fibrillation,  581 
with  rapid  ventricular  rate,  582 
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Hemisystole,  105 

Hemorrhage,  blood-pressure  in,  50 

control  of,  627 

fall  of  blood-pressure  in,  50 

from  the  lungs,  219 

in  congenital  heart  disease,  223 

in  mitral  disease,  220 

in  pulmonaiy  insufficiency,  220 

in  wounds  oi  heart,  627 

intracranial,  blood-pressure  in,  40 
Heredity  in  arteriosclerosis,  3C4 
HerzfeUerzeUen,  129.  222 
Heterogenetic  auricular  tachycardia,  123 

impulses  (see  Ectopic) 
in  extrasystoles,  110 
in  paroxysmal  tachycardia,  120 
Hiccouf^  in  pericarditis,  593 
High  diaphragm,  704 

heart,  705 
Hippocratic  fingers,  543 
His  bundle,  anatomy  of,  568 
Hoarseness  in  pericarditis,  593 
Hormone    action    in    cardiac    symptoms, 

709 
Hydropericardiiun,  603 
Hydrotherapy,  283 

in  artenosclerosis,  363 
Hydrothorax,  224 

in  adherent  pericardium,  613 

production  of,  224 
Hyperdicrotic  pulse,  68 
Hypermyotropny,  arterial,  340 
Hypertension  as  factor  m  production  of 
arteriosclerosis,  355 

and  arteriosclerosis,  45 

chronic,  42 

and  cerebral  circulation,  43 
effects  upon  circulation,  45 
prognosis,  48 
treatment  of,  46 

diseases  with,  39 
Hyperthyroidism,  676 

acetonitrilc  test  for,  G80 

accidental,  676 

adrenalin  test  for,  683 

ungina  pectoris  in,  391 

effect  on  heart  muscle,  680 

effect  on  nervous  system,  679 

vicious  circle  of,  680 
Hypertrophied  heart,  reserve  force  of,  300 
Hypertrophy,  291 

adrenal,  196 

and  abdominal  arteriosclerosis,  270 

and  arteriosclerosis,  295 

cardiac,  296 

concentric,  293 

electrocardiogram  in,  297 

excentric,  293 

from  overdrinking,  295 

from  work,  294 

in  chronic  nephritis,  295 

of  the  auricles,  300 

of  the  heart  in  Basedow's  disease,  684 

of  the  left  ventricle,  297 

of  the  right  ventricle,  297 

pathological  anatomy  of,  291 

prognosis,  300 


Hypertrophy,  reserve  force,  300 

sites  of,  293 

types  of,  293 

work,  294 
Hypotension,  48 

disease  with,  48 

failure  of  vasomotor  centre  in,  48 
Hypoth3rroidism,  efiect  on  circulation,  675 
Hysterical  angina,  390 

Ice-bag  over  heart,  233 

contraindications  to,  233 
effect  on  pulse  rate,  233 
Impulses,  afferent,  17 

efferent,  17 
Increased  intracranial  pressure,  blood-pres- 
sure in,  40 
Infectious  diseases  as  causes  of  arteriosclero- 
sis, 352 
as  causes  of  Basedow's  disease,  681 
hypotension  in  48 
Influenza  as  cause  of  Basedow's  disease, 
681 
cfi  cause  of  endocarditis,  402 
Influenzal  myocarditis,  210 
Inhalation  of  carbon  dioxide,  241 
oxygen.  240 
rarefiea  air,  242 

as  cause  of  myocarditis,  320 
Injuries  of  heart,  628 
Insufficiency,  mitral,  420 

of  valves  in  broken  compensation,  207 
Intermittent  claudication,  371 
Interventricular  septum,  defects  in,  546 
patent,  546 

murmur  in,  548 
with  pulmonary  stenosis,  537, 
541 
Intima,  calcification  of,  344 

fatty  degeneration  of,  344 
Intranasal  tracings,  81 
Intravenous  injections  in  treatment  of  endo- 
carditis, 410 
of  strophanthin,  259 
Intraventricular  pressure,  25 
lodothyrin,  076 
Irregularity  (cce  Arrhythmia) 

permanent,  120 
Irritability  in  cardiac  disease,  228 

Jaundice,  catarrhal,  in  broken  compensa- 
tion, 227 
in  endocarditis,  406 
Jellinek's  sign  of  Basedow's  disease,  680 
Joffroy's  sign  of  Basedow's  disease,  682 

KareU's  milk  diet,  236 
Kinematosrcphs,  149 

Labor  (see  Pregnancy) 

and  pregnancy  in  persons  with  heart 
disease,  prognosis,  517 

cardiac  overstrain  during,  510 

cause  of  death  during,  516 
Langendorff's  perfusion  apparatus.  ^ 
Laryngeal  paralysis  in  aneurism,  640 
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Lead  poiscHiing,  blood-presaure  in,  40 
Ltrft  auricle,  prefisure  in  fetal  life,  532 
Lii|Utds,  rt^trictioii  uf,  236 

in  arUTiijecleroais,  3G3 
Liver,  ubdtuninal  pain  from  distended,  227 
preaysLolic  pulsation  in  tricikspid  <st««>- 

ms,  510 
pulsation  of,  in  tricuspid  insufficiency, 
504 
in  trieusipid  st^noBia,  509 
signs  siniulrtt  ing  cirrhosis  of,  in  adherent 
peiicardiuni,  61 'J 
Low  heart,  704 
Lungs,  hemorrhage  from,  219 

Magnesium  sulphate,  238 
Mananieters,  30 
aneroid,  32 
compressed  air,  32 
spring,  32 
Marching,  effect  of,  on  heart,  201 
Massage,  239 

Masturbation,  ofTect  of,  on  heart,  707 
I  Matrimony  and  heart  disease,  521,  522 
I  Meab,  effect  of,  on  bloo<l-pres.siire,  38 
[  Measle-s,  blood-prcRsnre  in,  48 
Mechanical  factors  in  the  production  of  mur- 
murs, 175 
Mechanism  of  the  circulation,  34 
Mechanogj'mnastics,  283 
Media,  calcification  of,  349 
degeneration  of,  349 
hypertrophy  of,  34G 
Medial  changes  in  aneurisnj.  635 
Media,slinoperirarditis,  GIO 
Meningitis,  blood-pressiire  in,  40 
Menstruation,  relation  of,  to  cardiac  syn  i»- 

tonis,  708 
Mental  distraction,  231 

exertion,  elTect  of,  on  biood-preasure,  38 
.Mraaortitis,  s>T3lnlitic,  346 
'Meaarteritis,  340 
Metabolism,  increase  from  thyroid  secretion, 

679 
Mirrococcxis  rheumnticus,  400 
Mi(TOKra,ph,  76 

Mid-diastolJc  nmible  cilcnosis.  440 
in  aortic  insuttiriency,  471 
in  mitral  stenosis,  449 
MilJ-whecI  murmur  in  pneumopericardium, 

604 
Mitral  area,  168 

disease,   pulmonary  complications   of, 

42P 
facies  in  mitral  insufhcienc^',  428 
insufficiency,  420 

and  tuberculosis,  435 
arrhythmia  in,  433 
blotnl -pressure  in,  432 
broken  compensation  in,  438 
broken    pulmonary   compensation 

in.  42fi 
broken  sj'st^mic  compensation  in, 

427 
cardiac  area  in,  429 
complications,  435 


Mitral  insufficiency,  digitalis  in.  437 

early  administration  of^  digitalis  in. 
436 

functional,  421,  422,  423 

lungs  in,  433 

mechanics  of  circulation,  423 

murmur  and  sounds  in,  430 

frsoplmgea]  tracing  in,  81 

organic,  420 

outward  displacement  of  apex  in, 
428 

papillary,  421.  422 

patholocj-  of,  420 

physical  examination  in,  428 

prognosis  in,  438 

propagation  of  murmur,  431 

pulmonary  stasis  in,  424,  435 

pulse  in,  432 

purgation  in,  437 

re-education  of  heart  muscle  in,  436 

relatiye,  422 

second  heart  aotmd  in,  432 

second  stage  of,  426 

stages  of,  425 

stasis  in  left  auricle,  423 

statistics  of,  420 

systolic  murmur  in,  430 

third  stage  of,  427 

tonicity  of  the  heart  in,  427 

treatment,  435 

treatment  of  second  stage  of.  437 

treatment  of  third  stage,  438 

with  milral  stenosis,  448 

without  sjTnptoms,  425 

X-ray  shadow  in,  429 
stenosis.  440 

ano'mia  in,  456 

and  aortic  insufficiency,  differen- 
tiation between,  452' 

and  tricuspid  stenosis,  454 

arrhythmia  in,  457 

auricular  fibrillation  in,  457 

blood -pressure  in,  50 

blowing  diastolic  murmur  in,  450 

bronchitis  in,  450 

cardiac  outline  in,  446 

complications,  454 

congenital  form,  441 

diagnosis.  451 

diastt^lic  murnuir  in,  450 

digital  and  phonetic  imitation  of 
the  heart  sounds  in,  448 

diluted  conns  arteriosus  in,  446 

disapi^ea ranee  and  reappearance  of 
presystolic  nunble  in,  444 

effect  of  auricular  contraction  on 
filling  of  ventricles,  443 

embolism  in,  455 

endocarditic  form,  441 

etiolop>',  441 

historical,  440 

lannceal  paresis  in,  444 

mid-diastolic  rvmible  in,  449 

operations  on  mitral  valve,  459 

paralysis  of  auricles  in,  444 

pathological  physiology  of,  442 

pathology  of,  4-ilO 
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Mitral  stenosis,  presystolic  rumble  in,  446 
'  thrill  and  systolic  tap  in,  445 
prognosis,  459 
pulmonary  oedema  in,  458 

tuberculosis,  456 
pulse  in,  451 
quality    and    production    of    the 

sounds,  447 
rdle  of  a^dema  and  amemia  in,  441 
sclerotic  form,  441 
snapping  first  sound  in,  447 
stages  of,  450 
svmptoms  and  signs,  444 
third  heart  sound  in,  449 
thrombosis  in  left  auricle  in,  455 
treatment  of  j  455,  456 
tuberculosis  m,  441 
volume  of  ventricles  in,  442 
with  mitral  insufficiency,  441,  448 
X-ray  shadow  in,  447 
valve,  atheroma  of,  422 

demonstration  of  action  of,  12 
hemorrhage  in,  422 
malformation  of,  563 
testa  for  sufficiency,  421 
Mitralized  pulse,  433 
Mobility  of^  heart,  162 
Mobius  sign  in  Basedow's  disease,  684 
Monckeberg's  arteriosclerosis,  349 
Moore-Cornidi    method    in    treatment    of 

aneurisms,  662 
Morbus  cceruleus,  540 
Morphine,  dangers  from,  in  myocarditis,  333 

m  cardiac  dyspnoea,  217 
Mountain  climbing,  OerterS;,^  284 
Movements,  passive,  280 
resisted,  280 
Schott,  280 
Murmur  at  back  in  patent  ductus  Botalli, 
544 
attack  in  mitral  insufiiciency,  431 
diastoHc,    in   pulmonary   insufficiency, 

494 
mitral,  differentiation  from  accidental 
and  tricuspid,  431 
digital  imitation  of,  430 
phonographic  tracing  of,  430 
propagation  of,  431 
Roger's  systolic  in  open  septum  ventric- 

lUonim,  548 
systolic,  in  cortic  stenosis,  486 
in  mitral  insufficiency,  430 
in  tricuspid  insufficiency,  502 
Murmurs,  175 

accidental,  178 

causation  of,  180 
differential  diagnosis  of,  179 
nature  of.  180 
time  of,  178 
arterial,  185 

cardiopulmonary,  178,  181 
rharactcr  of,  176 
combine<l,  184 

differentiation  between  cardiopulmo- 
nary and  other  accidental  murmurs, 
182 


Murmurs,  fimctional,  178 

haemic,  178,  180 

mechanical  factors  in  the  production  of, 
175 

phonetics  of,  175 

single,  184 

tabulation  of,  184 

transmission  of,  to  chest  wall,  177,  431 

venous,  185 
Muscle  fibres  in  the  ventricle,  arrangtn.cnt 

of,  9 
Myocardial  changes,  distribution  of,  315 
Myocarditis,  314 

acute,  arrhythmia  in,  318 

alcoholic,  321 

and  nephritis,  330 

arrhythmia  in,  327,  328 

bronchitis  in,  328 

catalase  in,  330 

chronic,  324 

blood-pressure  in,  327 

diagnosis  of,  322 

differential  diagnosis  in,  331 

dilatation  in,  317 

diphtheritic,  320 

extrasystoles  in,  328 

hypersensibility  to  digitalis,  323 

influenzal,  210,  320 

morphine  in,  333 

murmurs  in,  328 

pathological  physiology'  of,  326 

rheumatic,  316,  319 

signs  and  symptoms  of,  319 

strychnine  m,  324 

symptoms  and  signs  of,  328 

treatment  of.  322,  332 

weakness  of  heart  in,  318 
Myocardium,  affections  of,  314 

syphilis  of,  334 
Myoma  as  cause  of  cardiac  weakness,  708 

Nasal  disease,  cardiac  asthma  from,  218 

septum,    arrhythmia    from    Icsicn    of, 
709 
asthma  from  lesion  cf,  710 
Nauheim  treatment,  232 
Nephritis  and  myoci;rditis,  330 

blood-pressure  in,  40,  42 
Nerve-fibres  producing  clianges  in  toruis,  17 
Nerves,  accelerator,  19 

sympathetic,  19 
Neurasthenia,  cardiac,  694 
Nitrites,  269 

action  of,  269 

and  digitrlis,  260 

effect  of,  in  hypertension  of  intracranial 
origin,  40 

effect  of  on  the  circulation,  269 

use  of,  in  angina  pectoris,  393 

in  aortic  insufficiency,  479 
in  arteriosclerosis,  364 
Nitroglycerin,  269,  270 

mode  of  administration,  270 

tolerance  to,  270 
Nodal  rhythm,  118 
Node,  auriculoventrinilar.  of  Tawara,  .568 

sino-auricular,  of  Keith  and  Flack,  8 
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Oarsmen,  longevity  of,  205 
Obesity,  diet  in,  308 

high  diaphragm  in,  306,  704 

of  the  heart,  304 

physical  signs  of,  307 

treatment  of,  307 

with  cardiac  atrophy  and  cardiosclero- 
sis, 306 

with  coronary  sclerosis,  306 
(Edema,  219 

effect  of  drugs  and  diet  on,  223 

fluid,  salt  content  of,  223 

lymphagogue  substance  in  the  blood  in, 
222 

of  face,  222 

of  heart  muscle,  20G 

pulmonar>'.  219 

treatment  by  drainage,  223 

types  of,  221 
Oertel's  mountain  climbing,  284 
(Esophageal  auscultation,  170 
of  mitral  murmur,  431 

tracings,  80 

in  mitral  insufficiency,  81 
Orthodiagraph,  147 
Orthopercussion,  157 
Orthoplessimeter,  158 
Orthopncca,  216 

mechanical     changes    in     circulation, 
217 
Ossification  in  arteriosclerosis,  341 
Outflow  during  systole,  1 1 
Oxygen    inhalations    of,    in    treatment    of 
cardiac  diseases,  240 


"Pace-maker"  of  the  heart,  5 
Pain  down  the  arms,  227 

on  swallowing  in  pericarditis,  593 
precordial,  220 

referred  from  cervical  ganglia,  227 
sensations,  paths  traversed  by,  384 
Palpation  of  heart,  15C 
Palpitation,  225 

and  angina,  384 
cardiac  sensations  in.  225 
with  extrasystoU  s,  113 
Papillary  insufficiency,  422 
muscles,  fatiguing  of,  77 

in  propagation  of  n.itral  murmur, 
431 
Paracentesis  abdominis,  223 

pericardii,  605 
Paradoxical  respiration  in  cnteroptosis,  700 
Pararrhythmias,  98 
Paroxysmal  irregularity,  118 
tachycardia,  124 

associated  lesions.  124 
auricular  fibrillation  in,  124 
belching  in,  132 

cardiac  dulness  during  attacks,  129 
cerebral  amemia  in,  129 
coronarj'  sclerosis  in,  125 
diagnosis  of.  131 

differentiation  from  simple  tachy- 
cardia, 124 


Paroxysmal  tachycardia,  doubling  of  rate 
in,  124 
drugs  in,  132 
dyspnoea  in,  129 
effect  on  circulation,  124 
embi>ocardia  in,  130 
exercise  for  stopping  attacks  of,  132 
fall  of  blood-pressure  in,  125 
fulness  of  neck  in,  128 
heteiogenctic  impulses  in,  126 
idiopathic,  124 
in  coronary  sclerosis,  381 
in  mitral  stenosis,  124 
inactivity  of  cardiac  nerves  in,  9 
inception  of  rhythm  by  auriculo- 

ventricular  bundle,  135 
interpolated  extrasystoles,  132 
irregularity,  127 

lesions  in  auriculoventricular  bun- 
dle in,  127 
mechanism  of,  125 
myogenic  origin  of,  125 
neurogenic  origin  of,  125 
occasional  conlusion  with  Adams- 

Stokcs  disease,  £83 
occurrence  of,  124 
palpitation,  128 
pathological  physiology  of,  128 
physical  signs,  129 
precordial  pain  in,  128 
rise  of  venous  pressure  in,  125 
sino-auricular  block,  569 
stimulation  of  vagi  in,  132 
sudden  exercise  in,  132 
swallowing  in,  132 
svmptoms  of,  128 
theories  as  to  origin,  132 
treatment  of,  132 
tricuspid  insufl5cicncy  in,  130 
types  of,  126 
venous  pulse  in,  125 
vomiting  in,  133 
Parry's  disease  (see  Basedow's  disease) 
Passive  movements,  280 
Patent  foramen  ovale,  550 

pathogenesis  of,  550 
Pathological  condition?,  variations  in  blood- 
pressure  under,  38 
Percussion,  156 
errors  in,  158 
methods  of,  157 
Perfusion  of  excised  mammalian  heart,  4 
Periarteritis,  diffuse,  352 

nodosa,  349 
Pericarditis,  590 

adhesive   (see  Adherent  pericardium), 

610,  614 
blood-pressure  in,  ^0,  595 
etiology  of,  590 
exudation,  forms  of.  591 
friction  at  back  in,  595 

sound  in,  594 
hiccough  in,  593 
hoarseness  in.  593 
pain  on  swallowing  in,  593 
precordial  pain  in,  593 
purulent,  603 
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Pericarditis,  simple  fibrinous,  593 
di^gnosiB  of,  595 
prognosis  in,  597 
treatment  of,  596 
signs  of,  593 
symptoms  of,  593 
tuberculous,  604 
fluid  in,  604 
with  effusion,  597 

amount  of  fluid^  597 
blood-pressure  m,  601 
cardiac  outline,  599 
drainage  in,  607 
Ebstein's  cardiohepatic  angle 

in,  599 
effect  on  circulation,  597 
enlargement  of  liver  from,  600 
fulness  of  interspaces  in,  599 
irrigation  of  pericardium  in, 

608 
paracentesis  of,  605 
position  of  heart  in,  600 
Rotch's  sign  in,  599 
signs  at  back  in,  600 
signs  of,  599 
symptoms  of,  598 
treatment  of,  605 
X-ray  examination  of,  601 
Pericardium,  adherent,  389,  610 

development  of,  530 
Peripheral  resistance,  66 
Peritonitis,  blood-pressure  in,  48 
Petechia  in  endocarditis,  406 
Phenolsulphonphthalein  test  for  renal  in- 
sufficiency, 225 
in  chronic  hypertension,  42 
in  myocardial  weakness,  330 
Phosphorus  poisoning,  effect  of,  on  heart  in 

fatigue,  202 
Photojp-aphic  record  of  the  venous  pulse,  75 
Phthisis,  blood-pressure  in,  48 
Physiological  conditions,  variations  in  blood- 
pressure  under,  37 
Physical  examination,  152 
Physico-chemical  phenomena,  rhythmicity 

in,  1 
Pigmentation  in  hjrperthyroidism  (Jellinek's 

sign),  680 
Pituitary  extract,  268 
Placenta,  vessels  to,  526 
Pleurisy,  blood-pressure  in,  50 
Pleuropericardial  friction,  594 
Pneumococci    as   causes   of    endocarditis, 

402 
Pneumonia  as  cause  of  pericarditis,  590 
blood-pressure  in,  48 
interstitial,  222 
Pneumopericardium,  604 
Polycythsemia,  blood-pressure  in,  41 
Polyuraph,  Gibson.  74 
Mackenzie,  73,  74 
Marev,  73 
Uskoff,  30 
Position,  changes  in,  161 

effect  of  chanire  of,  on  blood-pressure,  37 
on  electrocardiogram,  93 
Posture,  effect  of,  on  pulse-rate,  210 


Potassium  iodide,  272 

effect  of,  on  viscosity  of  blood,  60 
for  aneurisms,  662 
in  angina  pectoris,  393 
in  arteriosclerosis,  364 
mode  of  administration,  272 
supposed   effect   on    viscosity    of 
blood,  272 
salts,  effect  of,  on  cardiac  contraction,  2- 
thiocyanate,  274 

therapeutic  use  of,  274 
Precordial  pain,  226 

in  angina  pectoris,  383 
in  cardiac  overstrain,  192 
in  h)rperthyroidism,  687 
in  pericarcutis,  593 
Pregnancy  and  labor,  pulmonary  oedema  in, 
515 
aortic  disease  in,  521 
as  cause  of  Basedow's  disease,  680 
blood-pressure  in,  41 
broken  compensation  in,  518 
effect   on   pulse    and    blood-pressure, 

515 
hypertrophy  during,  515 
termination  of,  520 

in  broken  compensation,  519 
treatment  of  heart  lesions  during,  518 
tricuspid  insufficiency  during,  516 
Presphygmic  period,  10 
Pressure  pulse,  68 
Presystolic  gallop  rhythm,   172 

resemblance  to  mitral  stenosis, 
452 
rumble,   disappearance  and  reappear- 
ance of,  in  mitral  stenosis,  444 
(Flint's)  in  aortic  insufficiency,  473 
in  mitral  stenosis,  446 
in  tricuspid  stenosis,  511 
Protodiastolic  gallop  rhythm,  173 
Pseudo-anginal  pain,  387 
Pseudo-aortic  insufficiency,  469 
Pseudo-cardiac  disturbances,  696 
Psychic  disturbances,  228 
Psychotherapy  in  Basedow's  discr.sc,  689 
Puerperal  infection  as  cause  of  Basedow's 

disease,  681 
Pulmonary  area,  168 

artery,  aneurism  of,  659 
blood-pressure  in,  168 
blood-pressure  in,  before  birth,  51 
development  and  maldcvclopment 

of,  536 
sclerosis  of,  362 
vasomotor  nerves  in,  52 
circulation,  51 

action  of  drugs  on,  i2 
embolism,  219 
hemorrhage,  219 
insufficiency,  diagnosis  of,  496 
diastohc  murmur  in,  395 
etiological  factors,  493 
forms  of,  492 
functional,  492 
hsemoptysis  in,  492 
pathological  physiology,  493 
prognosis  in,  496 
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Pulmonary  ibsuffioiency,  pulse  in,  495 
signs  of,  494 
symptoms  of,  494 
treatment  of,  496 
with  pulmonary  stenosis,  544 
oedema,  219 

artificial  respiration  in,  219 
in  mitral  stenosis,  458 
in  pregnancy  and  labor,  516 
signs  of,  219 
treatment  of,  219 
pressure,  52 

conditions  affecting,  52 
stenosis  and  atresia,  causes  of,  534 
diagnosis,  545 
due  to  endocarditis,  534 
due    to    maldevelopment    of 

branchial  arches,  535 
duration  of  life  in,  545 
statistics  of,  534,  545 
in  open   interventricidar  septum, 

537 
pathological  physiology  of,  539 
systolic  murmur,  543 
treatment  of,  545 
with  patent  interventricular  sep- 
tum, 537,  541 
Pulsations,  inspection  of,  642 
over  chest,  156 
over  veins,  71 
Pulse,  anacrotic,  in  aortic  stenosis,  488 
arterial,  63 
characteristics  of,  26 
curve,  significance  of,  66 
dicrotic,  63 

discrepancies  in  examining,  65 
examination  of  the,  63 
form,  66 

in  aortic  insufficiency  (Corrigan,  water- 
hammer,  collapsing),  474 
pressure,  68 
qualities  of  the,  63 
rate,  69 

effect  of  ice-bag  on,  233 
effect  of  posture  on,  210 
relation  to  temperature,  69 
in  soldier's  heart,  210 
Riegel's,  103,  135 
types  of,  68 

anacrotic,  68 
bisferiens,  68 
collapsing,  68 
dicrotic,  08 
hyperdicrotic,  68 
normal,  68 
tardus,  68 
venous,  71 
volume,  68 

wave,  inequality  and  delay  of,  in  aneu- 
risms, 644 
Pulse-pressure,  26 
Pulsus  altemans,  135 

contractility  diminished  in,  106 
bisferiens,  69 
irregularis  perpetuus,  118 
paradoxus,  103 
tardus  in  aortic  stenosis,  484,  487 


Pupils,  inequality  of,  in  aneurism,  643 

Purgation,  237 

in  broken  compensation.  237 
rise  of  venous  pressure  auring,  237 

Purgatives,  237 

Quiet  in  treatment,  231 

Iladiograi}hs,  stereoscopic,  149 

technique  of,  149 
Rarefied  air,  inhalation  of,  242 
Hajrnaud's  disease,  372 

pathology  of,  373 
Rectal  aoministration  of  digitalis,  258 
Reduplicated  heart  sounds,  170 
Re-ecfucation  of  heart  muscle  in  mitral  in- 
sufficiency, 436 
Referred  pains  in  angina  pectoris,  385 
Reflex  cardiac  disturbances,  705 

air-swallowing  in,  705 
associated  symptoms,  705 
gastro-intestinal,  705 
Relative  insufficiency,  422 
Renal  complications  of  cardiac  diseases,  224 
Residual  blood,  15 
Respiration,  method  of  recording,  73 

paradoxical  type,  700 
Respiratory  ratio,  218 

in  adherent  pericardium,  614 
Rest  in  bed,  232 
Retina,  arteriosclerosis  of,  358 

dilatation  of  veins  of,  in  tricuspid  insuf- 
ficiency, 502 
Retinal  changes  in  congenital  heart  disease, 

542 
Rheumatic  fever  as  cause  of  pericarditis,  590 

foci  of  myocarditis  in,  316 
Hheumatism,  blood-pressure  in,  48 

cocci  causing,  400 
Rhjrthmicity,  physico-chemical  phenomena 

in,  1 
Riess'  sign  of  adherent  pericardium,  616 
Right  ventricle,  tonicity  of,  53 

work  of  the,  51 
Rise  of  blood-pressure  on  constricting  the 

femoral  arteries,  210 
notch's  sign  of  pericardial  effusion,  599 
Rupture  of  aneurism,  637 

"Safety-valve"  action  of  tricuspid  valve, 

499 
Sajodin,  use  of  in  cardiac  disease,  272 
Salts,  restriction  of,  236 

r61e  of,  in  origin  of  heart  beat,  2 
Salvarsan,  use  of  in  cardiac  disease,  273 
Sauerbruch  chamber  in  operations  on  heart, 

627 
Scarlatina  as  cause  of  endocarditis,  402 
blood-pressure  in,  48 
pericarditis  from,  591 
Schott  movements,  280 

effect  of,  in  reducing  cardiac  dila- 
tation, 283 
precautions  in,  281 
Socond  sound,  166 
wind,  198 
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Sensory  stimulation,  effect  of,  on  blood- 
pressure,  38 
Septum  auriculorum,  628 
interpositum,  529 
ventriculonmi,  529,  546 

patent,  eflfect  on  circulation,  648 
prognosis  in,  549 
signs  of,  547 
symptoms  of,  547 
systolic  murmur  in,  548 
trauma  as  cause  of,  546 
treatment  of,  549 
tuberculosis  in,  546 
Sexual  cardiac  disorders,  707,  709 

excess  as  cause  of  Basedow's  disease, 
681 
Shock,  acapnia  in,  49 
blood-pressure  in,  48 
diastoUc,  over  aneurism,  656 
Sino-auricular  block  from  cooling  sinus,  5 
in  mammals,  105 
in    paroxysmal    tachycardia, 
127 
node  of  Keith  and  Flack,  6 
Sinus  allorrhythmias.  charactciistics  of,  1G3 
as  "pace-maker    of  the  heart,  5 
region  in  mammals,  anatomy  of,  6 
reuniens,  528 
rdle  of,  in  mammals,  7 
wave  on  venous  pulse,  79 
Situs  transversus,  560 
Skull,  fracture  of  the,  blood-pressure  in,  40 
Sleej),  effect  of,  on  blood-pressuie,  38 

importance  of,  231 
Smallpox  as  cause  of  endocarditis,  402 
Smoke,  tobacco,  composition  of,  710 
Smoking,  effect  of,  on  circulation,  711 

precordial  pain  from,  711 
Snapping  first  soimd  in  aortic  insufficiency, 
473 
in  mitral  stenosis,  447 
Sounds,  alteration  of,  by  pressure,  167 
in  arteries,  184 
over  veins,  184 
Southey's  tubes,  223 
Spa  treatment,  232 
Sphygmobolometer,  Sahli,  30 
Sphygmogram,  the  absolute,  65 
Sphygmograph,  clinical,  63 
Dudgeon,  64 
V.  Jaquet,  G4 
Marey,  64 
Roy  and  Adami.  65 
Sphygmography,  errors  in,  64 
Sphygmomanometer,  v.  Basch,  26 
"Erlangcr.  28 
Gibson,  30 
Hill  and  Barnard,  27 
Laudor  Bnmton,  32 
Marev,  26 
Paclum,  32 
Potain.  27 

v.  Rocklinghflusen,  26 
Riva-Rorci,  27 
Tyros,  32 
Sphygmosrope,  P«1,  30 


Sphyginotonometer,  v.  Recklinghausen,  32 

tskoff,  30 
Splanchnoptosis,  699 

abdominal  binder  in,  701 

air-cushion  for,  702 

blood-pressure  in,  700 

corset  in  producing,  701 

effect  on  circulation,  700 

effect  of,  on  respiration,  699 

level  of  diaphragm,  699 

overfeeding  in,  702 

pulsus  paradoxus  in,  701 

8>Ticope  from,  700 

tracheal  tug  in,  700 

treatment  of,  701 
Split  sounds,  171 

albuminous  in  pulmonary  oedema,  219 
Sputum,  prune-juicc,  220 
Squills,  248,  253 
Stair  climbing,  beneficial  effects  of  graded 

pauses,  283 
Stasis,    effect    of,    on    producing    cardiac 

oedema,  206 
Stellwag's  sign  in  Basedow's  disease,  684 
Stenosis  of  isthmus  of  aorta,  557 
Sterilization  of  patients  with  broken  com- 
pensation, 521 
Stethoscope,  binaural,  essentials  of,  167 

differential,  167 

monaural,  166 

telephone,  162 
Stomach,  sounds  over,  in  adherent  pericar- 
dium (Riess),  616 
stoppage  of  ventricles,  570 

in  Adair.s-Stokes  disease,  576 
Strain,  effect  of,  on  the  heart,  204 

exercises  of,  2C0 
Streptococcus,  in  endocarditis,  401 

in  myocarditis,  310 

viridans  (endocarditis  cocci)  in  chronic 
endocarditis,  409 
Strophanthin,  248,  259 
Strophanthus,  247,  253 
Strychnine,  262 

and  digitalis,  415 

clinical  effects,  202 

effect  on  blood-pressure,  262 

effect  on  cardiac  tonicity,  262 

in  cardiac  dyspncrr.,  217 

indications  for,  2(i2 

pharmacological  rction  of,  262 

preparations  of,  2C2 
Sudden  death  in  cnrins"-  pectoris,  386 

from  emotion,  713 
Suture  of  blood-vcFscls  for  thromboangitis 
obliterans,  377 

of  wounds  in  heart,  026 
Swimming,  effect  of,  on  heart,  '201 
Sympathectomy  in  Basedow's  disease,  691 
Sympathetic  nerves,  relation  to  exophthal- 
mos, 68-1 
stimulation  by  thjToid  secretion, 
679 
Sympathicotonic,  19,  368 

m  Basedow's  disease,  680 
Symptoms  of  adherent  pericardium,  613 

of  cardiac  disease,  215 
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Sjmcope  in  paroxysmal  tachycardia,  131 
in  Adama- Stokes  disease,  565 
from  extrasystoiic  arrhythmia,  584 

Synechia;  pericardii,  610 

Syphilis  as  cause  of  arteriosclerosis,  346,  353 
as  cause  of  endocarditis,  403 
in  etiology  of  aneurism,  632,  636 
of  the  myocardium,  334 

with  precordial  pain,  334 

Systole,  outflow  during,  11 

treatment  of,  in  cardiacdiseases,  272, 273 
Wassermann  reaction  in,  335,  463 

Systolic  murmur  in  mitral  insufficiency,  430 
retraction  along  left  cardiac  border,  428 
retractions  over  heart,  155 

Tabagism,  710 

Tachycardia,  paroxysmal,  124 

heterogenetic  auricukr,  120 
Tea,  effect  of,  712 

prohibition  of,  237 
Teleroentgenography,  148 
Tests,  functional,  of  cardiac  efficiency,  2C0 
Theobromine,  266 

in  angina  pectoris,  2C0,  oD4 
Theocin,  266 

Theophylline  in  angina  pectoris,  394 
Theories  of  heart-beat,  4 
myogenic,  4 
neurogenic,  4 
Third  heart  sound,  frequency  of,  in  norn:j  1 
individuals,  175 
in  adherent  pericardium.  CIO 
in  aortic  insufficiency,  473 
in  mitral  stenosis,  449 
meclit  nism  producing,  174 
Thread  galvanoir.eter,  82 
Threshold  percussion,  157 
Thrill,  systolic,  in  aortic  stenosis,  486 

in  congenital  heart  disease,  543 
in  mitral  insufficiency,  429 
Thrills,  mechanics  of,  156 
Thrombi  in  cardiac  chambers,  333 

in  mitral  stenosis,  333 
Thromboangitia  obliterans,  374 

differentiation   from   nngcicmcuic- 
ses,  374 
Thyroglobulin,  676 

Thyroid  gland  changes  in  Basedow's  discrjc, 
686 
size  of  normal,  686 
heart,  674 

formes  frustes,  674 
from  pressure,  674 
(hypothyroidism),  675 
in  simple  goitre,  674 
secretion  (see  Hyperthyroidism),  679 
of  thvroglonulin  and   iodothyrin, 

676 
physiological  effects  of,  677 
relation  to  histological  structure, 
676 
Thyroidectin,  689 
Th>Toidectomy,  690 
Tobacco  angina,  391 

effect  of.  on  circulation,  711 

on  coronary  cirotjlation,  712 


'•Tobacco  heart,"  710 

precordial  pain  from,  711 
prohibition  of,  237 
smoke,  composition  of,  710 
Tonicity,  effect  of  digitalis  on,  252 

effect  of,  on  cardiac  overstrain,  203 

on  residual  blood,  2(>3 
factors  producing  changes  in,  16 
of  the  cardiac  muscle,  13 
of  the  heait  in  mitral  insufr.ciency,  427 
of  the  right  ventricle,  53 
Tonograph,  30 
TonsUlectomv  in  endocarditis,  417 

in  mitral  insufficiency,  436 
Tonsillitis  as  cause  of  Basedow's  disease,  681 

as  cause  of  endocarditis,  416 
Tonus  (see  Tonicity) 
Tortuous  arteries,  358 
Tracheal  percussion    shock    in  aneurism, 
643 
tug  in  aneurism,  043 
Training  at  end  of  trcctment,  285 

effect  of,  198 
Trauma  as  car.sc  of  tkcrccic  cneurism,  636 
cardiac,  623 
lesions  due  to,  629 
of  heart,  628 
Treatment  of  heart  failure,  general  princi- 
ples, 231 
relation  of,  to  occi  puticn,  285 
Tricuspid  urea,  1C8 

Tricuspid  insuli  ciency,  arrhythmia  in  cases 
of,  504 
blood-pressure  in,  504 
di::gnosis  of,  506 
effect  on  circulation,  499 
function::!,  498 

in  paroxj-smal  tachycardia,  130 
organic,  498 

pathological  physiologj',  499 
pulse  in,  504 
sympton.s  of,  501 
systolic  murmur  in,  502 
treatment  cf,  50t) 
variations  in  murn:ur,  503 
vcnoi  s  pulse  in,  500 
stenosis,  rCS 

cyanosis  in,  510 
diagnosis  cf,  511 
effect  on  the  circulation,  509 
etiologv'  of,  5C8 
occurrence  of,  508 
pathology'  of,  509 
presystolic  ruml  le  in.  51 1 
pulmonar>'  infarction  in.  liW 
treatment  of,  513 
valve,  demonstration  of  action  of,  12 
malformation  of,  563 
opening  of,  78 
Trigeminal  pulse,  114 
Truncus  arteriosus,  526 
division  of,  529 
Tuberculosis  as  cause  of  arteritis,  352 
as  cause  of  endocarditis,  402 
in  persons  with  mitral  stenosis,  441 
in  pulmonarv  stenosis,  544 
of  the  heart  ,344 
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Tuberculous  pericarditis,  604 
Tumors  of  the  heart,  335 

haemopericardium  from,  336 
Typhoid  fever  as  cause  of  Basedow's  disease, 
681 
blood-pressure  in,  48 

Uremia,  blood-pressure  in,  40 
Urine,  albumin  and  casts  in,  224 

amount  of  in  cardiac  disease,  224 

chloride  metabolism  in,  224 

Vagotonie  and  sjrmpathicotonie,  19 
Vagus  currentp,  with  heart-beat,  225 
with  respiration,  225 
efTect  in  producing  heart-block,  566 
Valve,    Eustachian    (of   the   inferior  vena 

cava),  528 
Valves,  abnormality  of,  563 

auriculoventricular,  diastolic  closure  of, 

76 
in  veins,  movements  of,  10 
position  of,  in  diastole,  12 
Valvular  areas  in  auscultation,  168 
Vasa  vasorum,  changes  in,  in  arteriosclero- 
sis, 340 
Vascular  crises,  blood-pressure  in,  40 

sounds,  185 
Vasomotor  angina,  389 
crises,  368 

hypotensive,  372 
use  of  nitrites  in,  368 
Vasotonin,  271 
Veins,  cardinal,  526 
sounds  over,  185 

umbilical  (omphalomesaraic),  526 
visible  pulsations  in,  71 
vitelline,  526 
Venesection,  233 

contraindications  to,  234 

effect  of,  in  hypertension  of  intracranial 

origin,  40 
effect  of,  on  the  circulation,  234 
in  aortic  insuflTicienry,  480 
in  arteriosclerosip,  361 
in  pulmonary  ademe,  219 
technique  of,  233 
Veno-auricular  junction,  anatomy  of,  7 
Venous  auscultation,  72 
pressure,  209 

detormination  of,  50 
effect  of,  on  filling  of  the  heart,  14 
in  broken  comp<!n8ation,  ^)9 
in  neurasthenics,  694 
in  paroxysmal  tachycardia,  130 
pulsations,  134 
pulse,  71 

abnormal  types  of,  79 

diastolic.  79 

double,  134 

in  auricular  fibrillation,  79 

paralysis,  79 
in  extrasystolic  arrhythmias,  109 


Venous  pulse,  in  heart-block,  581 

information  furnished  by,  80 
in  paroxysmal  tachycardia,  125 
inspection.  134 
photographic  record  of,  75 
positive,  80 
presjrstolic,  79 
technique  of  tracings,  72 
visual  examination  of,  79 
visual  examination  of,  differential 
diagnosis     of     arrhythmia     by 
means  of,  79 
tracina;,  interpretation  of,  76 
Ventricle,  left,  pressure  within,  25 
right,  tonicity  of,  S3 
third,  536 
Ventricles,  filling  of,  11 
Ventricular  muscle,  anatomy  of,  9 
tachycardia,  127 
weakness,  due  to  digitalis,  123 
Viscosity  of  the  blood,  59 

apparatus  for  clinical  determina- 
tion of,  59 
factors  influencing,  60 
diet,  60 
hydraemia,  60 
number  of  red  blood-cells. 
60 
Volume  curve,  method  of  recording,  11 
Vomiting,  blood-pressure  in,  £0 
Von  Gracfe's  sign  in  Basedow's  disease,  684 

Walking  in  treatment  of  heart  lesions,  283 
regulation  of  speed  and  respiration,  284 
Water-hammer  pulse,  68 
Weather,  effect  of,  on  cardiac  symptoms,  215 
\Miiskey  in  cardiac  disease,  236 
Wiring  treatment  of  aneurism,  662 
Work  hypertrophy,  294 
of  the  heart,  36 

right  heart,  51 
Worry,  effect  of,  on  circulation,  713 
Wounds  of  the  heart,  623 

control  of  henrorrhage  from, 
627 

results  of  operation,  628 

suture  of,  626 
Wrestling,  effect  of,  on  the  heart,  201 

Xiphisternal  line  as  sign  of  level  of  dia- 
phragm, 699 
X-ray,  cardiac  shadow,  133 

examination  in  oblique  axes,  134 
of  adherent  pericardium,  617 
of  sclerotic  arteries,  358 
magnification  of  shadow,  132 
methods  of  examination,  132 
oblique  illuminations,  133 
pulmonary  shadows,  133 
shadow  in  aneurism,  646 


Zander  exercises,  283 
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